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N o m e n c la tu r e
The reader should note that the system o f  nom enclature used throughout th is  
thesis is the standard nom enclature w ith in  the fie ld  o f  iro n  carbonyl research 
and does no t necessarily con fo rm  to  IU P A C  recommendations.
Complexes referred to  spec ifica lly  are g iven the ir fu l l  name. W here a general 
reference is made, the generic term s l-a za -l,3 -d ie n e  o r l-o x a -l,3 -d ie n e  
com plex are used. Throughout th is  thesis the substituent at C2 in  the 1-hetero- 
1,3-diene com plexes is named f irs t because the re a c tiv ity  o f  the com plex is 
dependent upon th is  substituent and the reader is then im m ed ia te ly  aware to  
w h ich  class the named com plex belongs. Hence com plex A  is named (2- 
m e thy l-1 ,4 -d ipheny l-1 -azabuta-l ,3 -d iene)tricarbonyliron(0).
The names o f  non-conjugated ketones and im ines have been derived from  the 
parent l-he te ro -l,3 -d ie ne . Am ines and alcohols derived from  l-he te ro -1 ,3 - 
dienes have been named as propenam ines/ols and propanamines/ols. Th is 
a llow s a consistent carbon backbone to  be m ainta ined and makes the 
substitu tion  pattern im m ed ia te ly  obvious. Some examples are given below.
B: 1,4 -D ipheny l-2 -m e thy l-1 -azabut-1 -ene 
C : 1 -M ethy  l-A/,3-d iphenylprop-2-enam ine 
D ; 1 -M ethyl-/V ,3 -d iphenylpropanam ine
F e (C O ) 3
A
Square brackets have been used in  diagrams to  ind icate postulated 
intermediates.
A b s t r a c t
The reac tiv ity  o f  ( l-he te ro -l,3 -d ie n e )tr ica rb o n y liro n (0 ) com plexes has been 
investigated w ith  pa rticu la r emphasis being placed on th e ir reactions w ith  
lith iu m  amides and hydride  transfer reducing agents. Reaction o f  ( l-he te ro -1 ,3 - 
diene)tricarbonyliron(O ) complexes w ith  both p rim ary  and secondary lith iu m  
amides gives d iffe ren t products depending upon the nature o f  the heteroatom 
and the substituent at pos ition  2.
Reaction o f  lith iu m  amides w ith  (P hC H =C H C (R 1)= N R 2)Fe(CO )3 (R 1=C H 3, 
R 2=Ph, PhC H 2, />-C6H 4O C H 3, C H (C H 3)2)] leads to  fo rm a tion  o f  novel 
complexes [(P h C H < )H C (N H R 2)= C H 2)Fe(C O )3 (R=Ph, P hC H 2, p -C 6H „O C H 3, 
C H (C H 3)2)].
Reaction o f  lith iu m  amides w ith  (PhCH=CHC (R j=NR2)Fe(C O )3 (R '= H , R 2=Ph) 
results in  attack at a coordinated carbonyl ligand leading to  fo rm a tion  o f  
form am ides.
Previous w o rk  concerning the hydride reduction  o f  (1,3- 
d iene)tricarbonyliron(O ) complexes has been extended to  larger m olecules o f  
b io lo g ica l interest. R eduction o f  (ergosteryl acetate)tricarbonyliron(O) w ith  
l ith iu m  a lum in ium hydride  affords 5a-ergosta-7,22-dien-3P-ol w h ile  reduction  o f  
(16-dehydropregnenylone acetate)tricarbonyliron(O ) leads to  a m ix tu re  o f  
products. In  both cases deuterated analogues were synthesised in  order to  
obta in  m echanistic in fo rm ation .
Reaction o f  (P hC H =C H dR )=0)Fe(C O ), (R =H , C H 3, <Bu) and 
(PhCH=CHCfc!)=NR2)Fe(C O )3 (R '= H , C H 3, R 2=Ph, p -C 6H 4O C H 3)  w ith  
D IB A L , L iE t3B H  and L r sB u3B H  leads to  fo rm ation  o f  the corresponding 
saturated amines and alcohols, a lly lic  amines and alcohols and im ines and 
ketones or aldehydes. The reg iochem istry o f  the reduction  m ay be con tro lled  
by  va ry ing  temperature, sto ich iom etry and reducing agent.
Reaction o f  (P hC H =C H C H =N R )Fe(C O )3(0) (R = />C 6H 4(C O )C H 3 and m- 
C6H 4(C O )C H 3) w ith  sodium  borohydride leads to  fo rm a tion  o f  
(P hC H =C H C H =N R )Fe(C O )3(0) (R = />C 6H 4(C H O H )C H 3 and m-
--------------------------------------------------------------------------------- ,    2C1L-
C6H 4(C H O H )C H 3)  and demonstrates the a b ility  o f  the tricarbonyliron(O ) 
m o ie ty  to protect the coordinated l-aza-l,3~diene against reduction  by  sodium  
borohydride a llo w in g  selective reduction  o f  the free ketone function .
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CHAPTER 1
1.0. Introduction
The chem istry described in  Chapters 2, 3, 4, 5 and 6 o f  th is  thesis is concerned 
w ith  the reac tiv ity  o f  tricarbonyliron(O ) complexes w ith  d iffe ren t classes o f  
nucleophiles. Th is  chapter is a b r ie f in troduction  to th is  ra p id ly  expanding area 
o f  chem istry.
(B u ta -1,3 -d iene)tricarbonyliron(O ) 1, was firs t prepared and iso lated in  1930 as 
a y e llo w  o i l1. The structure was shown to  be 1 in  w h ich  the bu ta -l,3 -d iene  
ligand adopts the cisoid con fo rm ation  w ith  each carbon atom  being 
approxim ate ly equid istant fro m  the iro n  atom2. The chem istry o f  complexes 
conta in ing hom o-l,3 -d ien e  systems has been w e ll established over the ensuing
3 4years ’ .
Replacement o f  a te rm ina l C H 2 group in  1 w ith  e ither oxygen or 
m onosubstituted n itrogen leads to  the l-o xa -l,3 -d ie n e  and l-a za -l,3 -d ie n e  
com plexes 2 and 3 respectively.
Fe
OCT" i "C O  
C O
1
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f 7 S N R
/ F e - 
O C ^  J 'C O
C O
G C "" 1 "C O  
C O
32
A lth o u g h  complexes 2 and 3 are re la tive ly  unstable and are d if f ic u lt  to  isolate, 
the 4-substituted analogues 4 and 5 were firs t synthesized and characterised 
more than 25 years ago5,6.
1.1 Synthesis o f  (H o m o -1 ,3 -d ie n e )tr ic a rb o n y liro n (0 ) C om plexes
The synthesis o f  ( l,3 -d iene )trica rbo ny liron (0 ) complexes remains, in  p rinc ip le , 
unchanged to the present day. (H o m o-l,3 -d iene )trica rb ony liron (0 ) complexes 
are generally synthesised by  a h ig h  temperature reaction o f  a h om o-l,3 -d ien e  
w ith  an iro n  carbonyl in  an ine rt atmosphere. T yp ica lly , d i-« -b u ty l ether is used 
as the solvent and iro n  pentacarbonyl as the source o f  the trica rbonyliron(O ) 
m o ie ty. The com plexation  o f  cyc lohexa-l,3 -d iene  6 w ith  iro n  pentacarbonyl to 
g ive (cyc lohexa -l,3 -d iene )trica rbony liron (0 ) 7 is representative7.
Fe Fe
O C ^  1 "C O  O C ^  i "C O  
C O  C O
4 5
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F e (C O ) 5
n-(C4Hg)20
6
R eflux
F e (C O )3
7
(H om o-l,3 -d iene )trica rb ony liron (0 ) complexes m ay also be prepared by  
therm al reaction w ith  d iiro n  nonacarbonyl. cw-P iperylene 8 reacts w ith  d iiro n  
nonacarbonyl at 45 °C  to a ffo rd  (c /5-p ipery lene)trica rbonyliron(0) 98. The 
s im ila r reaction w ith  iro n  pentacarbonyl requires a h igher temperature w h ich  
leads to  isom erisation o f  the 1,3-diene to  a ffo rd  (trans- 
p ipery lene)trica rbonyliron(O ) 10s.
The reaction o f  d iiro n  nonacarbonyl w ith  1,3-dienes is also prom oted by  
u ltrasound to  g ive ve ry  h igh  y ie lds under m ild  cond itions9. For example, 
reaction o f  1,3-diene 11 w ith  d iiro n  nonacarbonyl in  benzene under u ltrason ic 
conditions affords com plex 12 in  quantita tive y ie ld .
lt-^1 »W, j
> »)’ rt- F e (C O )3
12 
1 0 0 %
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P ho to ly tic  methods have also been reported10. czs-Cyclooctene 13 reacts w ith  
iro n  pentacarbonyl in  hexane at -40 °C  under p h o to ly tic  cond itions to  a ffo rd  
6A -(cyc looctene )trica rbonyliron(0) 14 in  good y ie ld .
F e (C O ) 5
13
H exane, -40  °C , 
hv.
(C O )3Fe
14
Reaction o f  unconjugated dienes w ith  iron  pentacarbonyl also a ffords (1,3- 
d iene)tricarbonyliron(O ) complexes in  w h ich  the ligand isomerises du ring  the 
com plexation  reaction. For example, cyclohexa-l,4 -d iene  15 reacts w ith  iro n  
pentacarbonyl to  produce (cyc lohexa -l,3 -d iene )trica rbony liron (0 ) 7 11.
F e (C O ) 5
15
n -(C 4Hg)20,
Reflux.
F e (C O )3 
7
Several reports exist o f  diastereoselective syntheses o f  trica rbonyliron(O ) 
complexes fro m  the 1,3-diene and d iiro n  nonacarbonyl 12'17. A  ch ira l a u x illia ry  
com plexation  was carried out in  w h ich  dieneamide 16 was prepared fro m  sorbic 
acid and then se lective ly com plexed to the tricarbonyliron(O ) m o ie ty  in  good 
y ie ld  to g ive a single diastereoisomer o f  com plex 1712.
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F e 2 (C O ) 9  
E t2 0 ,  reflux.
/ >
(C O )3^ e
\
N
P h - ./
P h y \OH
17
9 8  %  d.e .
Good results have also been obtained by deriva tisa tion  and subsequent 
reso lu tion13,14. C om plex 18 was derivatised w ith  S -va lino l to g ive  complexes 
19a and 19b. Preparative T L C  resulted in  preferentia l hyd ro lys is  o f  19b to  
a ffo rd  £-18 in  75 %  e.e.13.
leO -
M eO , _ / 7 V _
F e (C O ) 3
_ S -va lino l _  
C H O  ---------------------- ►
6  h, E t20
— / T \ — C H =  
P e (C O )3
TLC
M eO C H O  
P e (C O ) 3
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1.2. R e a c tiv ity  o f  (H o m o -1 ,3 -d ie n e )tr ic a rb o n y liro n (0 ) C om plexes
C oord ination  to  the tricarbonyliron(O ) m o ie ty  to  a 1,3-diene d ram atica lly  
changes the reac tiv ity  o f  the 1,3-diene. For example, the com plexes are ine rt to  
hydrogenation, b rom ina tion18, osm yla tion19, reaction w ith  carbenes20 and D ie ls - 
A ld e r reactions18. The complexes are know n to react w ith  e lectrophiles and 
nucleophiles and to  act as a pro tecting  group fo r 1,3-dienes.
1.2.1. E le c tro p h ilic  A t ta c k
The m ost fundam ental fo rm  o f  e lec troph ilic  attack is pro tona tion21,22. (Buta-1 ,3- 
d iene)tricarbonyliron(O ) 1 is protonated by  treatm ent w ith  acid  to  a ffo rd  the rf- 
a lly l com plex 21 w h ich , under an atmosphere o f  carbon m onoxide, 
disproportionates to  the cation ic tetracarbonyl com plex 22, m e ta llic  iro n  and 
other un iden tified  organic products21.
H F e (C O )3
20
F e (G O )3
1
22 21
E le c tro p h ilic  substitu tion occurs when (bu ta -l,3 -d ien e )trica rbony liron (0 ) 1 
Undergoes reaction w ith  acetyl ch loride  in  the presence o f  a lum in ium  
tr ich lo rid e  in  a
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Friede l-C rafts type acyla tion23. The reaction proceeds via ca tion ic  com plex 24 
and leads to the fo rm a tion  o f  bo th  cis-25 and trans-25, the proportions o f  w h ich  
are determ ined by  the w ork-up  cond itions23.
/ 7 \ A cC I/A IC I3C H 2 CI; / A
F e (C O )3 
1
(G O )2Fe  
23
c o c h 3
F e (C O )3
tr a n s -25
c o c h 3
(C O )3Fe
c is - 2 5
W hen th is  reaction is perform ed on (hexa-2 ,4-d iene)tricarbonyliron(0) the a lly l 
in term ediate m ay be isolated as its hexafluorophosphate salt 26. The crysta l 
structure o f  26 indicates that attack by the acyl fragm ent on the 1,3-diene occurs 
at the face endo to  the tricarbonyliron(O ) m o ie ty24.
(C O )3F e ^ ,Q// "  PFg °  
26
J C T
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1.2.2. N u c le o p h ilic  A d d it io n
Reaction o f  the anion derived fro m  isobu ty ron itrile  w ith  (cyclohexa-1,3- 
diene)tricarbonyliron(O ) 7 fo llo w e d  by  a pro ton source leads to  the fo rm a tion  o f  
the isom eric alkenes 27a, 27b and 27c25.
(C O )3Fe-
^  i) L iC (M e)2 CN,
^  A  _78 ° c
C (M e)2C N  G (M e)2C N  C (M e )2C N
ii) H+
27a
8 7 %
27b
9 %
27c
4 %
Th is  observation is rationalised in  terms o f  attack by  the nucleoph ile  at a 
te rm ina l pos ition  o f  the coordinated 1,3-diene to g ive  the if- a lly l in term ediate
28. P ro tonation at e ither end o f  the a lly lic  system affords alkenes 27a and 
27b25. Form ation  o f  27c is explained by isom erisation o f  27a or 27b under the 
w o rk  up conditions.
C (M e )2C N  C (M e )2C N
27 a
Y Y
2 7 b
A n  alternative m echanism  is proposed in  w h ich  the nucleoph ile  attacks at an 
in terna l pos ition  o f  7 to  g ive  29 fo llo w e d  by  a series o f  hydrogen shifts to  a ffo rd
32. The presence o f  trace amounts o f  d isubstituted cyclohexene 34 in  the 
p roduct m ix tu re  is evidence fo r  the existence o f  in term ediate 29. Inse rtion  o f  a
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carbonyl ligand in to  the Fe-C sigm a bond o f  29 leads to  interm ediate 33 w h ich  
upon pro tona tion  y ie lds unsaturated aldehyde 34.
C H O
Nik
34
Nik
31
H
'F e (C O )3
H
©
Nik
Fe
32
(C O )3
A d d itio n  o f  nucleophiles to  acyc lic  complexes under an atmosphere o f  carbon 
d iox ide  results in  fo rm a tion  o f  cyclopentanones26. W hen the stabilised anion 
derived fro m  isobu ty ron itr ile  is added to com plex 1, attack occurs at an in terna l 
pos ition  o f  the 1,3-diene to g ive anionic com plex 35. Inse rtion  o f  carbon
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m onoxide in to  the iro n -a lk y l bond o f  35 leads to  36 w h ich  cyclises and on 
p ro tonation  gives cyclopentanone 40.
/ 7 \ R"
F e (C O )3
1
R
F e (C O )3
37
£ +C O
F e (C O )3
35
-CO
©
R
(C O )3Fe O  
36
1©
F e (C O )3 
38
F e (C O )3
39
H
©
R- o :0
40
N ucleoph iles m ay also add in  an in tram olecula r fash ion27"29. For example, 
treatm ent o f  com plex 41 w ith  L D A  fo llow ed  by  a p ro ton  source under an 
atmosphere o f  carbon m onoxide y ie lds b icyc lic  ketone 4227.
H
LD A
F e (C O )3 
41
\
\
C Q 2E t
C O , H+, 
-7 8  °C .
42
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Treatment o f complex 41 with LD A  generates anion 43 which attacks the 1,3- 
diene at an internal position to give intermediate 44. Insertion o f carbon 
monoxide, cyclisation and protonation affords 42.
/ V
Fe(CO)3 
41
\
LDA / T V
\
CQ 2Et
42
CO
Fe(CO)3 
43
V 0
A
C 0 2Et
— © ©
CO zEt y C 0 2Et
Fe(CO)3
44
1.2.2.1. Hydride Addition
In a recent study o f hydride addition to (homo-l,3-diene)tricarbonyliron(0) 
complexes30 it was found that treatment o f (l,4-diphenylbuta-l,3- 
diene)tricarbonyliron(O) 46 with lithium aluminiumhydride in diethyl ether at 0 
°C followed by quenching with methanol afforded 1,4-diphenylbutene 47.
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P h — f/ — Ph
i) UAIH4, 0 °C
Ph
Fe(CO)3
46
ii) MeOH, 
Et20. 47
When reaction o f lithium aluminiumhydride with complex 46 was carried out at 
35 °C 1,4-diphenylbutane 48 was formed in good yield. The uncoordinated 1,3- 
diene is unaffected by this treatment and so it may be said that, not only can the 
degree o f saturation be controlled by the reaction temperature, but also that the 
reaction appears to be metal mediated.
When complex 46 was reacted with lithium aluminiumdeuteride at 0 °C and 35 
°C, l-deutero-l,4-diphenylbut-3-ene 49 and 1,2,3-trideutero-1,4-diphenylbutane 
50 were formed respectively. The position o f the deuterium atom in 49 
indicated that the first stage o f the reaction was attack by deuteride at one o f the 
terminal carbon atoms o f the coordinated 1,3-diene.
i) UAIH4, 35 °C
ii) MeOH,
Et20.
Ph
Fe(CO)3
46
48
i) LiAID4,0 °C
iOMeOH, 1 
Et20.
Ph
Ph
Fe(CO)3
4 6
D
i) LJAID4, 35 °C _
ii) MeOH, * "Ph 
Et20. D
Ph
D
50
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A  recent paper describing the addition o f lithium triethylborohydride to (buta-
l,3-diene)tricarbonyliron(0) 1 presents more detailed mechanistic information 
about these reactions31. (Buta-l,3-diene)tricarbonyliron(0) 1 was reacted with 
potassium triethylborohydride in THF at 0 °C to generate the 0 3-allyl)iron 
anion 51 which was detected by a shift o f  the carbonyl absorptions in the IR 
spectrum to lower frequency. Such a shift is typical o f (^-allyljiron anions32,33. 
Low temperature N M R  studies were performed during which a formyl 
intermediate 52 was detected. It was suggested, therefore, that the first point o f 
attack by the hydride was at a carbonyl ligand to give the formyl intermediate 
52 followed by migration o f the hydride to a terminal carbon atom o f the 1,3- 
diene unit.
1.2.3. Deprotonation
Treatment o f (2-methylbuta-l,3-diene)tricarbonyliron(0) 53 with LD A at -78 °C 
leads to anion 54 which will react with electrophiles such as benzaldehyde 55 to 
give complexes such as 5634.
©
°  52
H" Migration
0
Fe(CO)3
51
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0
/ 7 \ LDA
Fe(CO)3 "7 8 ° c  
53
/  PhCHO
/ T \  — r A
—<
Ph
OH
Fe(CO)3 
54
Fe(CO)3 
56
Anion 54 is not stable at higher temperatures and warming the reaction mixture 
to -30 °C results in formation o f the (?74-trimethylenemethane) 
tricarbonyliron(O) anionic complex 57 and ultimately leads to complex 58 upon 
treatment with acid.
0
/ T \
Fe(CO)3
54
-30 °C
/ 7 < "
H+
r A
 /  V  0 /
Fe(CO)3 H Fe(CO)3
57 ~ 58 -J
(Cycloheptatriene)tricarbonyliron(O) 59 is deprotonated by butyllithium in THF 
to give a dark red solution o f anion 6035. Anion 60 displays typical carbonyl 
signals in its IR  spectrum at 1 942 and 1 868 cm'1.
BuLi
THF, -78 °C
Fe(CO)3
59
Fe(CO)3
@0
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1.2.4. Uses o f Tricarbonyliron(O) as a Protecting Group
The ability o f the tricarbonyliron(O) moiety to deactivate 1,3-dienes towards 
reaction with many common reagents coupled with the ease by which it can be 
removed by mild oxidation, make the tricarbonyliron(O) group a convenient 
protecting function for 1,3-dienes. For example, the 1,3-diene system in the B 
ring o f (ergosteryl acetate)tricarbonyliron(O) 61 has been protected to allow 
selective synthetic manipulation o f the double bond in the alkyl side-chain36.
64
R= H, R'= OH 
R= OH, R'= H
Coordination o f conjugated dienes to the tricarbonyliron(O) moiety also inhibits 
attack by carbenes20. For example, addition o f dichlorocarbene to
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(myrcene)tricarbonyliron(O) 65 occurs only at the uncoordinated double bond to 
yield complex 66.
1.3. Synthesis o f (l-Hetero-l,3-diene)tricarbonyliron(0) Complexes
1.3.1. Synthesis o f (l-Oxa-l,3-diene)tricarbonyliron(0) Complexes
(l-Oxa-l,3-diene)tricarbonyliron(0) complexes are usually prepared by 
warming a 1-oxa-1,3-diene with an iron carbonyl in an inert solvent under an 
atmosphere o f  nitrogen. For example, reaction o f diiron nonacarbonyl with 4- 
phenyl-l-oxabuta-1,3-diene 67 in toluene at 40 °C leads to the formation o f (4- 
phenyl-1 -oxabuta-1,3-diene)tricarbonyliron(0) 4s.
It has been found that superior yields are obtained when three equivalents o f  the 
iron carbonyl are used37.
It should be noted that the tricarbonyliron(O) complex 4 is not formed directly 
when diiron nonacarbonyl undergoes reaction with 67. The first step o f the 
reaction is complexation o f the C=C double bond o f 67 to produce a
tetracarbonyliron(O)
K+BuQ7CHCI3
Heptane
Fe(CO)3
66
Cl2
Fe(CO)3
65
P h ^ V ^ o
67
Fe2(CO)g
Ph O
Fe(CO )3
4
Toluene, 40 °C, 
N2, 3 h.
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complex 68 which, when heated further, loses a carbon monoxide ligand to 
produce the tricarbonyliron(O) complex 45.
O
67
Fe2(CO)g
Toluene Ph
M
68 F e (c ° ) 4
A
-CO
Fe(CO)3
4
1.3.2. Synthesis o f (l-Aza-l,3-diene)tricarbony!iron(0) Complexes
(l-Aza-l,3-diene)tricarbonyliron(0) complexes can also be prepared via the 
methods described above. For example, heating 1-aza-1,3-diene 69 with diiron 
nonacarbonyl in an inert solvent results in the formation o f complex 56.
p h ^ ^ r Ph Fe2(CO)9 >  P h - /
Toluene, A
69
A
N — Ph
Fe(CO)3
5
Alternatively, a similar conversion can be effected by mixing 1-aza-1,3-diene
70 and diiron nonacarbonyl in THF and sonicating the mixture for 14 h to give
71 in good yield38.
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Phv H
P H ^ Y / Y n + < ' c h 2OR
70
THF,»)), 14 h.
Fe2(CO)9
fe(C O )3 c h 2o r  
71
80 % yield 
84 % de
R= PhCH2
The complexation o f l-aza-l,3-dienes proceeds via an intermediate 
tetracarbonyl complex 72 in which the tetracarbonyliron moiety is bound to the 
nitrogen atom via the lone pair39. Loss o f a carbonyl ligand from 72 followed 
by coordination o f the C=C bond yields the (l-aza-l,3-diene)tricarbonyliron(0) 
complex 5.
In the synthesis o f (2-methyl-1,4-diphenyl-1-azabuta-l,3-diene)tricarbonyl 
iron(O) 73 from a mixture o f E, E - and E, Z-2-methyl-1,4-diphenyl-1 -azabuta-
1,3-diene 74 it has been shown that isomerisation occurs during complexation 
to yield only complex 73 in which the l-aza-l,3-diene ligand adopts the EyE -
Ph/ V / fa N " 'Ph Fe2(CO)9 ^ P h A Y ^ ( | /
72 1
Fe(CO)4
69
-CO
Fe(CO)3
5
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configuration37, presumably because in this form any steric interaction between 
the ortho protons o f the iV-phenyl ring and the proton at C3 is removed.
E , E
Ph
Fe2(CO)9
Ph
E Z  P h ^ Y Y 5^
74
N - P h  
Fe(CO)3 
73
(1 -Aza-1,3-diene)tricarbonyliron(0) complexes are also accessible from (1-oxa- 
1,3-diene)tetracarbonyliron(0) complexes40.
Ph
J f
O
i) Et2O.BF3
\  ii) MeNH2 ph 
Fe(CO)4
68
P h ^ ^ Y ^ N M e
I78
Fe(CO)4
Ph J T \ NMe
Fe(CO)3
75
•y
©
NHMe
\
Fe(CO)4
76
Base
Ph
/ /
NMe
\
Fe(CO)4
77
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Treatment o f (4-phenyl-1 -oxabuta-1,3-diene)tricarbonyliron(0) 68 with boron 
trifluoride etherate followed by methylamine leads to formation o f complex 75. 
The reaction proceeds via enimonium complex 76 and tetracarbonyl complexes 
77 and 78. This conversion is not generally applicable and is only useful when 
the 2 position is unsubstituted.
Recently, new procedures have emerged for the synthesis o f 1-aza-1,3-diene 
tricarbonyliron(O) complexes41,42. Condensation o f the uncoordinated carbonyl 
group in (2-methyl-l-oxabuta-l,3-diene)tetracarbonyliron(0) 79 with />- 
methoxyaniline leads to the formation o f a (l-aza-l,3-diene)tricarbonyliron(0) 
complex 8041. This reaction is particularly useful in cases where the 
corresponding free 1-aza-1,3-diene is difficult to prepare.
New methodology has been developed for the preparation o f ( 1-aza-1,3- 
diene)tricarbonyliron(O) complexes bearing an aldehyde substituent in the 4 
position42 using an aza-Wittig reaction43. Reaction o f (l-axa-1,3- 
diene)tetracarbonyliron(O) complex 81 with the iminophosphorane 82 gives 
complex 83 which upon hydrolysis o f the acetal furnished the ( 1-aza-1,3-
O
79 80
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diene)tricarbonyliron(O) complex 84. The aldehyde function at position 4 may 
then be used to extend the synthetic utility o f these complexes.
. // Ph3P=N-Ph 82 /} ^
iM «a\ r w J T    — (MeO)2C H — "  | N - P h
(MeO)2CH  ^ CH2CI2,40 °C.
Fe(CO)4 
81
Fe(CO)3 
83
S i0 2 
FLO ©
OHC ___/ / p h
Fe(CO)3 
84
Complexation o f l-aza-l,3-diene 85 bearing a chiral group on the nitrogen atom 
gives rise to complex 86 in good diastereomeric excess44.
*b u
^  ^  J L  Fe2(CO)9 /r~^  Bu
Ph N Ph ---------------- P h— "  j N — (
85 £e(CO)3 Ph
86
86 % de
An alternative approach using chromatographic separation has also proved 
successful38. Imine 87 was complexed with diiron nonacarbonyl under 
ultrasonic conditions to yield S,S-88 and R,S-88 in a ratio o f 2.2:1. The 
diastereoisomers were completely separated by chromatography at -30 to -45 
°C.
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Ar f ~ 0  /  — = N—\
87 Toluene, 
»)), 16 h.
Fe2(CO )9^ Fe(CO)3 Ph
S,S-88
Ar =
Ar J 3 - i— // I — /
I iFe(CO)3 Ph
R ,S -88
+
1.4 Structure o f (1-Hetero-1,3-diene)tricarbonyliron(0) Complexes
The crystal structures o f complexes 4 and 5 reveal that the 1-hetero-1,3-diene 
ligands adopt a planar cisoid conformation and that these structures may be 
considered as ^--complexes45,46.
In (4-phenyl-1-oxabuta-l,3-diene)tricarbonyliron(O) 4 the 1-oxa-1,3-diene 
fragment defines a plane with each o f its atoms being roughly equidistant from 
the iron atom45. In the case o f (1,4-diphenyl-1-azabuta-1,3-diene) 
tricarbonyliron(O) 5 the nitrogen atom is found to be slightly below the plane46. 
In both cases, the lone pairs o f electrons on the heteroatoms are not considered 
to play an important part in the ligand-iron bond.
Fe(CO)3
4
Chapter 1: Introduction 23
Ph - j T S N - P h
Fe(CO)3
5
1.5. Reactivity o f (l-Hetero-l,3-diene)tricarboiiyIiron(0) Complexes
The chemistry o f (l-hetero-l,3-diene)tricarbonyliron(0) complexes has 
generated interest because the reactivity o f the coordinated 1-hetero-1,3-diene is 
quite different from that o f the free ligand. For example, typical reactions o f the 
free ketone group, such as the formation o f 2,4-dinitrophenylhydrazone 
derivatives, do not occur in (l-oxa-l,3-diene)tricarbonyliron(0) complexes47. 
The complexes have been shown to react with electrophiles and nucleophiles 
and to undergo ligand exchange reactions.
1.5.1. Ligand Exchange Reactions
(l-Oxa-l,3-diene)tricarbonyliron(0) complexes have been used as convenient 
mild sources o f the tricarbonyliron(O) moiety in the synthesis o f (1,3- 
diene)tricarbonyliron(O) complexes o f unstable dienes48. The preparation o f 
(8,8~diphenylheptafulvene)tricarbonyliron(0) complex 89 from 8,8- 
diphenylheptafulvene 90 and (2-methyl-4-phenyl-l-oxabuta-l,3-diene) 
tricarbonyliron(O) 91 is one such case. Attempts to synthesise complex 89 from 
90 and either iron pentacarbonyl or triiron dodecacarbonyl under thermal or 
photochemical conditions led to decomposition o f 90, whereas the use o f diiron 
nonacarbonyl under mild conditions led to formation o f an uncharacterised and 
unstable diiron complex o f 9048.
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Ph— 0
Fe(CO)3 
________ 91
Toluene, 50 °C, 6 h. 
70%
The advantages o f such transfer reactions include the relatively mild conditions 
required for the complexation and the lack o f formation o f  problematic by­
products such as colloidal iron or other iron carbonyls48.
This concept may be extended to the use o f optically active ketones as transfer 
reagents. These complexes deliver the tricarbonyliron(O) moiety preferentially 
to one face o f a prochiral diene15,16 leading to the formation o f  optically active 
complexes.
16 % yield 
14% e.e.
93  94
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For example, warming a solution o f ((-)-3(3-acetoxypregna-5,16-dien-20- 
one)tricarbonyliron(O) 92 in benzene with methyl sorbate 93 preferentially 
produces one enantiomer o f the methyl sorbate complex 94. Although not 
enantiomerically pure, the observation o f  some optical rotation in 94 does 
indicate a degree o f facial selectivity. The transfer o f the tricarbonyliron(O) 
moiety from 92 to 93 is thought to proceed via an intermediate in which it is 
bound to both the 1-oxa-1,3-diene and 1,3-diene ligands. This has been 
illustrated using a model reaction. When (2-methyl-4-phenyl-l-oxabuta-l,3- 
diene)tricarbonyliron(O) 91 is warmed with 95 in benzene at 57 °C, complex 96 
is formed by transfer o f the tricarbonyliron(O) moiety which is thought to 
proceed via intermediate 97 on the basis o f competition experiments49.
Ph _ /
ty 
O
Fe(CO)3
91
96
A  recent paper described a high yielding catalytic synthesis o f (cyclohexa-1,3- 
diene)tricarbonyliron(O) 7 via transfer o f the tricarbonyliron(O) moiety from (1- 
aza-l,3-diene)tricarbonyliron(0) complex 550. Iron pentacarbonyl, 1,4-diphenyl-
1-azabuta-1,3-diene 27 and cyclohexa- 1,3-diene 6 were heated together in
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dioxane to afford (cyclohexa-l,3-diene)tricarbonyliron(0) 7 in excellent yield. 
The authors propose a transfer mechanism different to that previously 
described49. This mechanism is thought to proceed via the (^ -a lly l-# - 
carbamoyl)tricarbonyliron(O) complex 98 and the 16-electron intermediate 
complex 99. Similar complexes have been observed by others51. In the 
presence o f cyclohexa-1,3-diene 6, the ^-olefin complex 100 is formed which 
upon loss o f the 1-aza-1,3-diene ligand 27, affords 7 and regenerates the 
catalyst.
69 -CO
Ph N - P h
(CO)3Fe 
98
Phy - y r Ph 
I
100 Fe(CO)3
A #
■CO
Ph
Phy ^ N
I
99 Fe(CO)3
(CO)3Fe
A
Ph_ /
y y
A
N - P h
Fe(CO)3
P h ^ A r t ^ N - 'Ph 
69
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Ligand exchange reactions can also be carried out using polymer-supported (1- 
aza-l,3-diene)tricarbonyliron(0) complexes52. l-Aza-l,3-diene 101 is bound to 
Merrifield resin and then complexed using diiron nonacarbonyl in THF under 
ultrasonic conditions. Resin 103 containing the coordinated tricarbonyliron(O) 
moiety exhibits typical iron carbonyl absorption bands in its IR  spectrum at 
2 051, 1 990 and 1 974 cm"1 and provides a reusable heterogeneous catalyst for 
the efficient complexation o f 1,3-dienes.
101
( p)=  Merrifield resin
Fe(CO)3 
103
® - C H 2CI 
I, DMFJMaH
OCH2- ( p )
102
Fe2(CO)g
»))
THF, 25 °C
Ph— "  N —/  ^ — OC H2- ®
THF, 65 °C
(CO)3Fe-
7
Ligand exchange is not limited just to the 1,3-diene ligand. The carbonyl 
ligands can also be exchanged; for example, reaction o f 91 with
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triphenylphosphite in refluxing benzene affords 104 in which a carbonyl ligand 
is replaced by a phosphite ligand53.
Ph
/ /  Vv P (O Ph)3 0  \>
— j /  o --------- ► Ph—7/ O
£
91 104
CgHg, A
Fe(CO)3 Fe(CO)2P(OPh)3
Similar reaction with triphenylphosphine with 91 leads to displacement o f the 
diene resulting in formation o f complex 10553.
Ph
A  PPhc
Fe(CO)3(PPh3)2
Fe(CO)3 105
91
In contrast, however, thermal reaction o f (1,4-diphenyl-1 -azabuta-1,3- 
diene)tricarbonyliron(O) 5 with triphenylphosphine in benzene leads to 
substitution o f a carbonyl ligand yielding complex 1066.
Ph—'' N - Ph PPhc
Fe(CO)3
5
EgHg, A, 4 h.
Ph N -P h  
Fe(CO)2PPh3 
106
Substitution o f a carbonyl ligand with a phosphite ligand may also occur in an 
intramolecular fashion54. The tricarbonyliron(O) moiety in complex 91 is 
transferred to 1,3-diene 107 which contains a pendant phosphite group. An
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intramolecular substitution then occurs to afford chelated complex 108 in good 
yield.
1.5.2. Electrophilic Addition to (l-Hetero-l,3-diene)tricarbonyliron(0)
Complexes
I.5.2.I. Protonation
Electrophilic addition to (homo-l,3-diene)tricarbonyliron(0) complexes has 
been extensively studied over the past few decades21'24. Similar studies 
concerning (l-hetero-l,3-diene)tricarbonyliron(0) complexes have also been 
carried out47. It has been shown that treatment o f ( 1,4-diphenyl-1-azabuta-1,3- 
diene)tricarbonyliron(O) 5 with a strong acid such as hexafluorophosphoric acid 
leads to protonation at nitrogen to yield the moderately air-stable cationic salt 
10947. This salt was identified on the basis o f its IR spectrum which exhibits an 
(N-H) frequency at 3235 cm'1 and three iron carbonyl signals about 50 cm'1 
higher than in the neutral complex 5.
107 ° v
P(OEt)2
8 0 %  
d.e. >95 %
Fe(CO)3
5
Fe(CO )3 pp®
1 0 9
Chapter 1: Introduction 30
Protonation o f (2-methyl-4-phenyl-1 -oxabuta-1,3-diene)tricarbonyliron(0) 91 
with concentrated sulphuric acid leads to the formation o f cationic complex 110 
which, in this case, cannot be isolated but in its IR  spectrum the three iron 
carbonyl signals are shifted to a slightly higher frequency45.
1.5.2.2. Acylation
The reaction o f (l-oxa-l,3-diene)tricarbonyliron(0) complexes with acetylium 
tetrafluoroborate (CH3CO+BF4") was studied and it was found that cationic 
complexes 111 were obtained as yellow crystalline solids which decompose 
slowly in air55. These salts eliminate the acetyl group in the presence o f 
methanol producing the starting complex 4. Treatment with aniline, however, 
produces acetamide 112 and (l-aza-l,3-diene)tricarbonyliron(0) complex 5.
O
Fe(CO)3
91
O -H
Fe(co)3 HSo;
110
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Fe(CO)3
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MeOH
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Fe(CO)3
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(CO)2FeW—O 
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©
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©
PhNH
Ph—" | N -P h  
Fe(CO)3
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H
Ph'
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1.5.3. Nucleophilic Addition to (l-Hetero-l,3-diene)tricarbonyliron(0) 
Complexes
I.5.3.I. (l-Oxa-l,3-diene)tricarbonyliron(0) Complexes
The addition o f hard nucleophiles to (1-hetero-1,3-diene)tricarbonyliron(O) 
complexes is a relatively new area o f chemistry37,56'61. Treatment o f (l-oxa-1,3- 
diene)tricarbonyliron(O) complexes with an alkyllithium reagent followed by a 
proton source under an atmosphere o f nitrogen affords 1,4-diketones in good 
yield57. It is thought that initial attack by methyllithium at a carbon monoxide 
ligand gives the anionic iron acyl intermediate 113. Insertion o f the acyl 
fragment into the /?-carbon o f the coordinated 1-oxa-1,3-diene gives an anionic 
773-oxaallyl intermediate 114. Protonation o f 114 affords the 1,4-diketone 115.
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Similar results are obtained using lithium dialkylcuprates and Grignard
reagents57.
Ph— "  I O
Fe(CO)3
91
MeLi
THF, -78 °C. Ph o
Fe(CO )2
113
©
In contrast, when (2-methyl-4-phenyl-l-oxabuta-l,3-diene)tetracarbonyliron(0) 
116 is reacted with methyllithium under an atmosphere o f nitrogen, attack 
occurs directly at the free carbonyl group o f the 1-oxa-1,3-diene ligand to afford 
the tertiary alcohol 11737.
//
Ph
MeLi
Fe(CO )4
1 1 6
BuBr
Ph OH
1 1 7
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The reactivity o f (1 -oxa-1,3 -diene)tricarbonyiiron(O) complexes with 
allcyllithium reagents is markedly different i f  carried out under an atmosphere o f 
carbon monoxide. Under these conditions treatment o f 91 with methyllithium 
affords the vinylketene complex 11858.
Ph_ /
i) MeLi
°  THF, -78 °C, 
Fe(CO)3 CO,
Ph
91 ii) ^uBr.
- j T \
w
(CO)3Fe O 
118
The first step in this conversion is thought to be attack o f the allcyllithium at a 
carbon monoxide ligand followed by carbonylation to give intermediate 
complex 119.
Ph O
Fe(CO)3
91
Ph— "  Fe(CO)3
120
CO
MeLi Ph
- MeC02
Ph
(CO)3Fe O 
118
o c A e^ v ^ °
CO 
121
CO
Ph- A " o
(C O )3F e c ^ / 0 '
1 1 9
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Complex 119 undergoes a metathesis-type reaction to give vinylcarbene 
complex 120 which upon carbonylation yields vinylketene complex 11858.
1.5.3.2. (l-Aza-l,3-diene)triearbonyliron(0) Complexes
Reaction o f methyllithium with (l-aza-l,3-diene)tricarbonyliron(0) complexes 
leads to further novel chemistry59,60. Treatment o f (1,4-diphenyl-1-azabuta-1,3- 
diene)tricarbonyliron(O) 5 with methyllithium in THF at -78 °C followed by a 
proton source leads to formation o f allyl amine 122 via direct attack o f the 
nucleophile at the imino carbon C259. Amine 122 is also produced i f  
methyllithium is added to the uncomplexed 1-aza-1,3-diene 69.
In contrast, (2-methyl-1,4-diphenyl-1 -azabuta-1,3 -diene)tricarbonyliron(O) 73 
reacts with methyllithium to form substituted pyrrole 12359. The first stage o f 
this reaction is thought to be attack o f the nucleophile at a carbon monoxide 
ligand to give the anionic acyl iron species 124. Insertion o f the acyl fragment 
at C4 o f  the 1-aza-1,3-diene gives ^3-aza allyl intermediate 125 which when 
followed by protonation, ring closure, dehydration and decomplexation yields 
pyrrole 123.
N -P h
Fe(CO)3
5
THF, -78 °C, 
ii) lBuBr.
i) MeLi
122 H
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Ph _ /
V MeLi
N - P h
Fe(CO)3
73
THF, -78 °C.
©
Ph X N - P h  
Fe(CO)2
124
This reaction is o f particular significance because it proceeds smoothly at such a 
low temperature and is in stark contrast to the conditions required for classical 
pyrrole synthesis. Indeed, attempts to produce 123 from the 1,4-diketone 115 
and aniline at temperatures o f less than 150 °C were not successful and indicate 
that the iron centre is likely to be involved in the ring closure step60.
Reaction o f complex 5 with phenyllithium followed by triethyloxonium 
tetrafluoroborate leads to formation o f //-styrylcarbene complex 12661. It was 
suggested that the reaction proceded via unstable intermediate 127 which upon 
allcylation yielded complex 126.
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Ph _ / " AI N - P h
Fe(C O )3
5
PhLi „
Et20, 
-60 °C.
N - P h
0 'L i+
Et3OBF4,
h2o,
o ° c .
OC2H5
1.5.3.3. Addition o f Hydride to (!-Hetero-l,3-diene)trkarboiiyliron(0)
Complexes
Hydride represents a different class o f nucleophile from those discussed 
previously and its addition to (l-hetero-l,3-diene)tricarbonyliron(0) complexes 
is a new area o f investigation. Complex 73 was treated with lithium 
aluminiumhydride or sodium borohydride at 0 °C under an atmosphere o f 
nitrogen62. Treatment with lithium aluminiumhydride afforded fully saturated 
amine 128 whereas treatment with sodium borohydride produced no reaction.
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v
N - P h  
Fe(CO)3 
73
NaBH4, 
MeOH, 
0°C.
Ph N - P h  
Fe(CO)3 
73
i) LiAIH4
ii) MeOH *  
Et20, 0 °C. 128
It was, therefore, concluded that the tricarbonyliron(O) moiety activated the 
coordinated 1-hetero-1,3-diene towards attack by lithium aluminiumhydride, 
but deactivated it towards attack by sodium borohydride since the 
uncoordinated 1-hetero-1,3-diene 74 underwent 1,2-addition when treated with 
either reagent to give allyl amine 12262. Even prolonged periods o f reflux could 
not fully saturate the uncoordinated system.
 — fi--------*- P h ^ ^ Y ^ N H P h74 or NaBH4 122
This chemistry has been applied in the synthesis o f 1,2,3-trideutero analogues30. 
It is possible to incorporate three deuterium atoms into a carbon backbone in a 
single step using mild conditions. For example, treatment o f complex 73 with 
lithium aluminiumdeuteride at 0 °C followed by a proton source leads to 
formation o f deuterated amine 129 in good yield.
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Ph
\N
N - P h  
Fe(CO)3 
73
i) LiAID4  ►
ii) MeOH, 
Et2Q, 0 °C.
The examples outlined in this chapter represents a small part o f the work that 
has been published in the area o f iron carbonyl research and is intended to put 
the work presented in Chapters 2-6 o f this thesis into context.
C H A P T E R  2
2.0. R eaction  o f  (2 -M e th y l- l-a z a - l,3 -d ie n e )tr ic a rb o n y liro n (0 )  
C om plexes w ith  L ith iu m  A m ides
2.1 Introduction
The work described in Chapters 2, 3 and 4 o f this thesis is concerned with the reaction 
o f lithium amides with (1 -hetero-1,3-diene)tricarbonyliron(0) complexes and 
highlights the differences in the behaviour o f these complexes according to the nature 
o f the substituent at C2 o f the coordinated 1-hetero-1,3-diene.
The reaction o f (l,3-diene)tricarbonyliron(0) complexes with lithium amide bases is 
not entirely without precedent. Reaction o f (2-methylbuta-l,3-
diene)tricarbonyliron(O) 53 with lithium diAopropylamide results in deprotonation o f 
the methyl group at C2 to form the isoprene anion equivalent 54. Addition o f 
electrophiles, such as benzaldehyde 55, to anion 54 leads to the formation o f 
substituted (l,3-diene)tricarbonyliron(0) complexes such as 5634.
Ph
PhCHO /  (
Fe(CO)3 -78 0  1 ^ ^  I
53 54 56
OH
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In view o f  this observation and the absence o f reports in the literature, the reaction o f 
(l-hetero-l,3-diene)tricarbonyliron(0) complexes with lithium amides was 
investigated.
diene)tricarbonyliron(O) Complexes
Initially the reaction between (2-methyl- 1,4-diphenyl- 1-azabuta-1,3-
diene)tricarbonyliron(O) 73 and LD A was studied.
Complex 73 was prepared as follows. 2-fvlethy 1-4-phenyl-1-oxabuta-l,3-diene 130 
was synthesised via a crossed aldol condensation o f benzaldehyde 55 and acetone. 
Benzaldehyde 55 was stirred in a solution o f sodium hydroxide in water to which was 
added acetone in a dropwise manner over a period o f 1 h. The resulting mixture was 
stirred at room temperature for 15 h. The reaction mixture was extracted twice with 
dichloromethane and the combined extracts were washed and then dried over 
magnesium sulphate. The solvent was removed under reduced pressure to afford 
crude 130 as a yellow oil which was crystallized and recrystallised from hexane. The 
product was identified by comparison o f its *H NM R and IR  spectra with literature
2.2. Reaction o f Lithium Amides with (2-Methyl-l-aza-l ,3-
Fe(CO)3
73
values63’66.
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15 h, rt.
130 
55 27 %
2-Methyl-1,4-diphenyl-1 -azabuta-1,3-diene 74 was initially prepared via a literature 
procedure 65. 2-Methyl-4-phenyl-l-oxabuta-1,3-diene 130 and an equimolar amount 
o f the aniline were dissolved in toluene and heated under reflux conditions for 24 h 
under zinc chloride catalysis until a stoichiometric quantity o f water had been 
collected in a Dean and Stark trap. The resulting mixture was allowed to cool and 
then filtered before the solvent was removed under reduced pressure to yield a yellow 
gum. The lR  N M R  spectrum o f this gum contained singlets at 2.10 and 2.45 ppm due 
to the methyl groups o f E,E - and E,Z-74 in a 3:1 ratio but the conversion was very 
poor and so an alternative method was sought.
PhNH2,
I Z n C I2
PhY A °  Tot o ._ ■
Reflux, 24 h. 74
<10%
E,E:E,Z 3:1
A  modification o f this method involved heating a solution o f 130 and aniline in 
toluene under reflux conditions for 24 h. In this case, magnesium sulphate and 3 A  
molecular sieves were added to the reaction mixture to remove water as it formed and 
so prevent hydrolysis o f the C=N bond. Removal o f the solvent under reduced 
pressure afforded a yellow gum which was chromatographed on silica gel to yield the 
crude product 74 as a yellow solid. Recrystallisation o f this solid from ethanol gave a 
3:1 mixture o f the E,E - and E,Z- 1-aza- 1,3-dienes 74 as yellow crystals in an improved
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yield (24 %). The 'H NM R spectrum o f these crystals contained singlets at 2.10 and 
2.45 ppm which were assigned to the methyl groups o f the major and minor isomers 
respectively. The IR  spectrum o f 74 contained a C=N stretching frequency at 1 633 
cm'1 and a C=C stretching frequency at 1 590 cm'1. The absence o f 130 was 
confirmed by the disappearance o f the doublet due to the proton at C3 at 6.73 ppm in 
the ’H N M R  spectrum and the lack o f a carbonyl stretching frequency at 1 680 cm'bn 
the IR spectrum.
Ph
130
PhNH*
Toluene, 
Reflux, 24 h,
MgS04, 3 A.
+
P h ^ V ^ N
P h
E,E
3:1
E,Z
74
24%
Ph
(2-Methyl-1,4-diphenyl-1-azabuta-l,3-diene)tricarbonyliron(O) 73 was prepared by 
stirring a mixture o f 1-aza-1,3-diene 74 and diiron nonacarbonyl in toluene at 40 °C 
for 3 h under an atmosphere o f nitrogen whereupon a dark red solution formed. The 
solvent was removed under reduced pressure to yield a red gum which was 
redissolved in diethyl ether and filtered through a short plug o f deactivated alumina to 
remove the solid residues. Removal o f the solvent under reduced pressure followed 
by chromatography on silica afforded a red crystalline solid identified as complex 73 
by comparison o f its *H N M R and IR spectra with literature values59.
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The IR  spectrum o f 73 exhibited typical signals at 2 057, 1 994 and 1 980 cm’1 which 
were assigned to the iron carbonyl ligands. The *H NM R spectrum o f 73 contained a 
methyl singlet at 2.42 ppm, a high-field, olefinic, one proton doublet at 3.20 ppm (J
8.9 Hz) due to the proton at C4 and a doublet at 5.57 ppm (J  8.9 Hz) due to the proton 
at C3. The position o f this signal represents a large upfield shift when compared to 
the frequency observed for the free 1-aza-1,3-diene 74 and indicates that structure 131 
makes a significant contribution to the overall bonding in complex 73. In structure 
131 the hybridization o f carbon C4 changes from purely sp2 in 74 to a state 
approaching sp3 owing to enhanced covalent bonding to the zero valent iron atom 66. 
The proton at C3 also exhibits an upfield shift to 5.6 ppm but this is much less 
pronounced and is not the result o f a change in hybridization.
P h — Y /  ■ N —Ph ---► ph N - P h
Fe(c O)3 sFe(CO )3
73 131
LD A  was chosen as a representative base for reaction with (2-methyl-1,4-diphenyl-1- 
azabuta-l,3-diene)tricarbonyliron(0) 73. rc-Butyllithium was added drop wise to a 
solution o f freshly distilled difropropylamine in THF at 0 °C and the resulting 
solution was stirred at this temperature for 0.25 h under an atmosphere o f nitrogen. A
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solution o f complex 73 in THF was added and the resulting mixture was stirred for 3 h 
at 0 °C under an atmosphere o f nitrogen. The mixture was quenched with deuterated 
methanol as a deuteron source and allowed to warm to room temperature for 0.25 h. 
The resulting mixture was filtered through alumina to remove solid residues and the 
solvent was removed under reduced pressure to yield a red gum identified as starting 
complex 73 on the basis o f its *H N M R and IR spectra. Examination o f  the 2H NM R 
spectrum o f the reaction mixture did not show any evidence for the incorporation o f 
deuterium.
Ph— "  \ \N -P h  — ' 1 # /  nn *" P h — ^  N —Ph 
Fe(CO)3 THF, 0 °C, 3 h. Fe(CO)3
73 73
Thus, it was apparent that deprotonation o f the methyl group had not occurred and it 
was hypothesised that LD A was too sterically demanding to effect this reaction. In 
view o f this, complex 73 was treated with the less sterically demanding lithium 
diethylamide. w-Butyllithium was added dropwise to a solution o f diethylamine in 
THF at 0 °C and the resulting solution was stirred at this temperature for 0.25 h under 
an atmosphere o f nitrogen. A  solution o f complex 73 in THF was added and the 
resulting mixture was stirred for 3 h at 0 °C under an atmosphere o f nitrogen. The 
mixture was quenched with deuterated methanol as a deuteron source and allowed to 
warm to room temperature for 0.25 h. The resulting mixture was filtered through 
alumina to remove solid residues and the solvent was removed under reduced pressure 
to afford a red gum. The crude mixture was chromatographed on silica gel to yield
the starting complex 73 and a yellow gum. This gum was identified as the novel 2- 
amino-1,3-diene complex 132 on the basis o f its spectroscopic and analytical data.
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The N M R  spectrum o f complex 132 contained a doublet at 0.76 ppm (J  4.6 Hz) 
which was assigned to proton Hp which, owing to its position over the 
tricarbonyliron(O) moiety, is highly shielded. A  second doublet at 1.82 ppm (J 8.1 
Hz) was assigned to the proton at C4 and a double doublet at 2.20 ppm (J  1.7 and 4.6 
Hz) was assigned to Ha since this proton is coupled to Hp (J  4.6 Hz) and also to the 
proton at C3 (J 1.7 Hz) via an allylic coupling mechanism. The NH  proton was 
apparent as a broad signal at 5.30 ppm and was removable by D2O exchange. The proton 
at C3 appeared as a broad doublet at 5.63 ppm. The 13C N M R  spectrum contained 
signals at 34.6, 54.3 and 65.03 ppm which were assigned to the terminal olefinic 
carbon C l, C4 and C3 respectively with the aid o f DEPT 135 and 'H/13C 
heteronuclear correlation experiments. Carbonyl stretching frequencies were 
observed in the IR  spectrum at 2 042 and 1 976 cm'1. The mass spectrum o f 132 was 
recorded using El and contained a molecular ion peak at 361 (15 %) and peaks at 333 
(35 %), 305 (25 % ) and 277 (100 %) associated with successive loss o f carbonyl 
ligands. It should be noted that although the reaction was quenched with a deuteron
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source, the crude reaction mixture was filtered through alumina deactivated with 
water and so the labile deuteron at the nitrogen atom will exchange.
The formation o f complex 132 from complex 73 may be rationalised in terms o f the 
mechanism proposed below in which the first step is deprotonation o f the methyl 
group by lithium diethylamide to afford the carbon centred anionic complex 133.
Conversion to the 773-azaallyl intermediate 134 in which the negative charge is centred 
at the iron atom leaves the ligand free to rotate about the C2-C3 bond yielding 135. 
Recoordination o f the double bond between C3 and C4 results in intermediate 136 in 
which the charge is centred at the nitrogen atom. Subsequent protonation at nitrogen 
leads to the (2-amino-1,3-diene)tricarbonyliron(O) complex 132. Since the product
Fe(CO)3 
73 133
134
© H
N - P hN - P h
H
©
Fe(CO)3
136
Fe(CO)3
132
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has the same molecular formula as the starting complex, this may be considered as a 
rearrangement reaction.
considered as the tricarbonyliron(O) complex o f enamine 137. Thus, there was a 
possibility that this methodology might provide a novel route to enamines via 
decomplexation o f  the enamine complexes. Consequently, complex 132 was reacted 
with trimethylamine JV-oxide in accordance with a literature procedure67. Complex 
132 was dissolved in acetone and boiled overnight in the presence o f 5 equivalents 
o f  trimethylamine N -oxide. The resulting mixture was cooled and then filtered 
through alumina. Removal o f the solvent afforded a yellow gum which was shown by 
Td N M R  spectroscopy to be a 3:1 mixture o f the E,E - and E,Z-1 -aza-1,3-dienes 74 
and not the enamine 137.
h r
(2-(A/-Phenylamino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 132 may be
N -P h HN
Fe(CO)3
132
(CH3)2c o , 137
Reflux.
P h ^ x x ^ N " - P h  
74 
E,E : E,Z 
3:1
This result indicated that these complexes may be considered as trapped enamines 
since, upon decomplexation? the enamine form tautomerises back to the more 
favourable imino form.
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Next it was decided to study the steric constraints o f the deprotonation by using a 
range o f bases derived from primary and secondary amines with differing steric bulk. 
LD A  had already shown to be unsuitable for this reaction and so the conversion was 
attempted with lithium amides derived from isopropylamine, benzylamine and 
dibenzylamine. The results o f this work are summarised in Table 2.1.
H
/ N -P h
i) RR'N'
Ph— 7/ N -P h --------------------- ► Ph—'' xx
Fe(CO)3 THF o °C, 3 h. < >3
73 132
R R ’ Yield %
zPr H 18
PhCH2 H 23
Et Et 55
PhCH2 PhCH2 48
Table 2.1. Conversion o f complex 73 to complex 132 with lithium amides.
The lithium amide bases were prepared by adding rc-BuLi to a solution o f the freshly 
distilled amine in THF at 0 °C under an atmosphere o f nitrogen. A  solution o f 
complex 73 in THF was added to the lithium amide solution and the resulting mixture 
was stirred at 0 °C under an atmosphere o f nitrogen for 3 h. The reactions were 
quenched with methanol as a proton source and allowed to warm to room temperature. 
The product mixtures were then analysed by !H NM R and IR spectroscopy. It was 
found that all the bases effected the conversion o f complex 73 to complex 132 but the 
reactions carried out with the primary lithium amides were not as high-yielding as was
the case with lithium diethylamide. The use o f lithium dibenzylamide did give rise to 
a good yield but the amine is more difficult to remove at the end o f the reaction owing 
to its high boiling point. Thus it would seem that a disubstituted carbon adjacent to 
the nitrogen atom in dialkyl amines is too sterically demanding to effect the 
deprotonation. In view o f these observations, lithium diethylamide was used as the 
base throughout the remainder o f this work.
Next, the substituent at the 1 position o f the 1-aza-1,3-diene was varied in order to 
examine the scope o f this novel reaction. Complex 138 derived from 
methoxyphenyl)-2-methyl-4-phenyl-l-azabuta-1,3-diene 139 was synthesised for this 
purpose.
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138
1-Aza-1,3-dienes 139 were prepared from ketone 130 and /$-methoxyaniline by 
refluxing a solution o f the reactants in toluene over 3 A  molecular sieves for 12 h. 
Filtration and removal o f the solvent afforded a yellow gum which crystallised on 
cooling. After recrystallisation from ethanol, the yellow crystals were identified as a 
1:3 mixture o f E,Z  and E,E  139 on the basis o f their analytical and spectroscopic data. 
The ]H NM R  spectrum o f 139 contained singlets at 2.10 and 2.43 ppm which were 
assigned to the methyl groups o f E,E  139 and E,Z  139 and a methoxy methyl singlet 
at 3.81 ppm. The 13C N M R  spectrum contained signals at 15.82 and 55.41 ppm which 
were assigned to the methyl and methoxy carbons respectively and a signal at 166.27 
ppm was assigned to the imino carbon C2. The IR  spectrum displayed a C=N signal
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at 1 632 cm'1. The mass spectrum was recorded by FAB methods and contained a 
molecular ion peak at 251 (50 %) and a peak at 148 (100 %) corresponding to loss o f 
the PhCH=CH fragment.
P h X X o
130
Ar=v / w
ArNhf
Toluene, 
Reflux, 24 h,
MgS04, 3 A.
-OMe
Ar
E,E
E Z
139
24%
Ar
(1 -^)-Methoxyphenyl)-2-methyl-4-phenyl~1 -azabuta-1,3-diene)tricarbonyliron(0) 138 
was synthesised by warming a mixture o f the l-aza-l,3-dienes 139 and diiron 
nonacarbonyl in toluene at 40 °C for 3 h under an atmosphere o f nitrogen. Filtration, 
removal o f the solvent and chromatography yielded red crystals identified as complex 
138 on the basis o f their spectroscopic and analytical data. Singlets at 2.40 and 3.76 
ppm in the !H NM R spectrum o f 138 were assigned to the methyl group at C2 and the 
methoxy group. Doublets at 3.22 ( J 8.8 Hz) and 5.52 ppm ( J 8.8 Hz) were assigned to 
the protons at C4 and C3 respectively. The 13C N M R spectrum contained peaks at 
16.59 and 55.49 ppm which were assigned to the methyl and methoxy carbons 
respectively. Peaks at 59.61 and 70.83 ppm were assigned to C4 and C3. Signals at 2 
049, 1 991 and 1 977 cm'1 in the IR  spectrum o f 138 were assigned to the carbonyl 
ligands. The mass spectrum FAB displayed peaks at 460 (20 %, M+69), 363 (10 %), 
335 (20 %) and 307 (100 %) due to successive loss o f the carbonyl ligands.
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The reaction o f complex 138 with lithium diethylamide was carried out in the same 
manner as before. Complex 138 was added to a solution o f lithium diethylamide in 
THF at 0 °C and the mixture was stirred for 3 h under an atmosphere o f nitrogen. 
After a protic quench, standard “work up” , chromatography and crystallisation, yellow 
crystals were obtained and identified as the novel (2-(N -/l-methoxyphenyl))amino-4- 
phenylbuta-1,3-diene)tricarbonyliron(0) 140 on the basis o f their spectroscopic and 
analytical data. The NM R spectrum contained the characteristic doublet and 
double doublet at 0.67 ( J 4.8 Hz) and 2.06 ppm (J  1.7 and 4.7 Hz) due to the terminal 
olefinic protons and a singlet at 3.64 ppm was assigned to the methoxy group. 13C 
NM R signals were observed at 32.48, 54.53, 55.49 and 63.42 ppm and were assigned 
to C l, C4, the methoxy carbon and C3 with the aid o f 1H/13C heteronuclear correlation 
spectroscopy. The IR spectrum exhibited typical carbonyl stretching bands at 2 036 
and 1 960 cm'1. The mass spectrum was recorded using El and contained a molecular 
ion peak at 391 (7 %) along with peaks at 363 (25 %), 335 (20 %) and 307 (100 %) 
due to successive loss o f the carbonyl ligands.
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The synthesis o f complexes 132 and 140 made it apparent that the reaction worked 
well for complexes possessing an aromatic substituent at the 1-position. It was o f 
interest, therefore, to attempt a rearrangement o f a complex bearing an alkyl group at 
the 1-position. Complex 141 derived from 2-methyl-l-benzyl-4-phenyl-l-azabuta-
1,3-diene 142 was synthesised for this purpose.
Fe(CO)3 Ph 
141
At first, an attempt was made to synthesise 2-methyl-1-benzy 1-4-phenyl-1-azabuta-
1,3-diene 142 by refluxing a mixture o f 1-oxa-1,3-diene 130 and benzylamine in 
toluene over magnesium sulphate but this proved unsuccessful. Integration o f the 
signals at 2.55 and 2.16 ppm due to the methyl groups o f ketone 130 and E,E  142 in 
the !H N M R  o f the crude reaction mixture only indicated a small quantity o f the 
desired 1-aza-1,3-diene 142 (<10 %). The presence o f E,Z  142 could not be 
determined with certainty because the major constituent o f the mixture was an 
unidentified material, possibly a polymer, which greatly complicated the spectrum.
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Toluene, 
Reflux, 24 h,
MgS04.
E,E 142
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In view o f the low yield an alternative procedure was sought in order to improve the 
conversion to 142. l-Oxa-l,3-diene 130 and benzylamine were dissolved in a 
minimum amount o f toluene and the solution was stirred 20 °C for 96 h. An aliquot 
o f the reaction mixture was examined by 'H N M R  spectroscopy. Integration o f the 
peaks at 2.55 and 2.16 ppm due to the methyl groups o f 130 and E,E  142 revealed that 
the conversion to 142 was approximately 60 %. Attempts to isolate 142 by 
chromatography resulted in hydrolysis and it was not possible to crystallise 142 from 
the reaction mixture. Therefore, the crude reaction mixture containing 1-aza-1,3- 
diene 142 was reacted with diiron nonacarbonyl in toluene at 40 °C for 3 h under an 
atmosphere o f nitrogen. Filtration, removal o f the solvent and chromatography 
yielded orange crystals identified as complex 141 on the basis o f their spectroscopic 
and analytical data. The ]H N M R  spectrum o f 141 contained a methyl singlet at 2.45 
ppm, the diastereotopic benzyl protons were evident as a pair o f doublets at 3.41 and 
4.03 ppm (J  15.4 Hz) and the doublets due to the olefmic protons at C3 and C4 
appeared at 5.43 and 2.92 ppm (J  8.7 Hz) respectively. The 13C N M R  spectrum o f 
141 contained peaks at 15.25, 58.18, 58.49 and 70.33 ppm which were assigned to the 
methyl carbon, C4, the benzyl carbon and C3 respectively after examination o f a 
DEPT spectrum. Carbonyl stretching bands were observed in the IR  spectrum at 
2 050, 1 988 and 1 965 cm'1.The mass spectrum o f complex 141 contained a
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molecular ion peak at 375 (5 %) and peaks at 347 (25 %), 319 (45 %) and 291 (100 
%) due to successive loss o f the carbonyl ligands.
Ph NH2
P h X Z + o  ---------------- >
Toluene, 
96 h, rt.
P|”| N Y  |^<WW,
142 XRh
Fe2(CO)9, 
Toluene, 
40 °C, 3 h.
Ph_ / N
Fe(CO)3 Ph 
141
50%
This modification o f the procedure for the synthesis o f complex 141 provides a 
number o f advantages over the method previously described for the preparation o f 
complexes 73 and 138. The 1-aza-1,3-diene does not have to be purified, thus 
eliminating the problem o f hydrolysis on silica, and the process affords a considerably 
higher yield o f the complex with respect to the starting 1-oxa-1,3-diene 130. This 
increase in yield owes a lot to the presence o f impurities namely, 1-oxa-1,3-diene 130 
and benzylamine, since there are now three possible paths for the formation o f (2- 
methyl-1-benzyl-1-azabuta-1,3-diene)tricarbonyliron(O) 141. Firstly, the 1-aza-1,3- 
diene complex 141 may be formed directly by complexation o f 1-aza-1,3-diene 142 
with diiron nonacarbonyl.
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Fe2(CO)g
Ph N
Ph Fe(CO)3 Ph 
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Secondly, residual 1-oxa-1,3-diene 130 may form complex 91 and then transfer the 
tricarbonyliron(O) moiety to 1-aza-1,3-diene 142.
Ph—
Fe(CO)3
 ► p h ^ 4 | ' ^
142 Ph Fe(CO)3 Ph
141
Thirdly, by condensation o f the 1-oxa-1,3-diene complex 91 with residual 
benzylamine.
r — l  PhNH2 / r ~ L_//    ► Ph—" N— VPh O
Fe(CO)3
91
Fe(CO)3 Ph 
141
To investigate the behaviour o f this complex towards lithium amides, complex 141 
was reacted with lithium diethylamide in THF at 0 °C in accordance with the standard 
procedure. The reaction was quenched with deuterated methanol and then worked up 
in the usual manner. Chromatography afforded yellow crystals identified as novel 
complex 143 on the basis o f their spectroscopic and analytical data.
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The *H N M R  o f complex 143 contained doublets at 0.57 (J4.8 Hz), 1.84 (J  8.1 Hz) 
and 5.24 ppm (J  1.9 Hz) due to Hp and the protons at C4 and C3 respectively, a double 
doublet at 1.93 ppm (J  1.6 and 3.0 Hz) due to Ha and a broad signal at 3.51 ppm due 
to the proton at nitrogen. A  pair o f double doublets at 4.19 ppm (J  4.5 and 13.2 Hz) 
and 4.36 ppm (J  6.0 and 13.2 Hz) were assigned to the diastereotopic benzyl protons. 
It is o f note that no deuterium incorporation was seen in the benzyl position and 
therefore, deprotonation does not occur at this position during the reaction. In the l3C 
N M R spectrum signals at 32.02, 49.08, 54.47 and 62.22 ppm were assigned to C l, the 
benzyl carbon, C4 and C3 respectively. The IR spectrum o f complex 143 contained 
carbonyl bands at 2 034 and 1 955 cm"1. The mass spectrum was recorded by El and 
contained a molecular4 ion peak at 375 (10 %).
A  second 1-alkyl substituted complex 144 was prepared by dissolving 1-oxa-1,3-diene 
130 and isopropylamine in a minimum o f toluene and stirring the mixture for 96 h at 
room temperature. The *H N M R spectrum o f the reaction mixture contained a doublet 
at 1.18 ppm (J  62  Hz) which was attributed to the isopropyl group o f 2-methyl-1- 
isopropyl-4-phenyl-l-azabuta-1,3-diene 145. A  singlet at 2.04 ppm, a septet at 3.79 
ppm (J 6.2 Hz) and doublets at 6.86 and 6.95 ppm (J  16.6 Hz) were assigned to the 
methyl group at C2, the methine proton and the protons at C3 and C4 respectively.
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Diiron nonacarbonyl was added and the mixture was heated at 40 °C for 3 h under an 
atmosphere o f nitrogen. Filtration, removal o f the solvent and chromatography 
afforded red crystals identified as complex 144 on the basis o f their spectroscopic and 
analytical data. The *H N M R  spectrum o f complex 144 contained a pair o f doublets at
1.10 and 1.19 ppm (J  6.2 Hz) due to the diastereotopic methyl groups o f the isopropyl 
fragment. A  singlet at 2.41 ppm was assigned to the methyl group and the methine 
proton is evident as a septet at 2.59 ppm (J  6.2 Hz). The signals due to the protons at 
C3 and C4 are doublets at 5.37 and 2.90 ppm (J  8.8 Hz) respectively. The 13C N M R 
spectrum o f complex 144 contained signals at 14.98, 58.94 and 70.01 ppm which 
were assigned to the methyl carbon, C4 and C3 respectively. Signals at 23.86, 27.07 
and 52.49 ppm were assigned to the methyl carbons o f the isopropyl group and the 
methine carbon respectively. The IR  spectrum contains carbonyl bands at 2 047, 1 
984 and 1 964 cm'1. The mass spectrum contained peaks at 299 (33 %), 271 (80%) 
and 243 (100 %) due to successive loss o f the carbonyl ligands from the 
tricarbonyliron(O) moiety.
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Treatment o f complex 144 with lithium diethylamide in THF at 0 °C under an 
atmosphere o f nitrogen for 3 h followed by a standard work up and chromatography 
led to isolation o f crystals identified as complex 146 on the basis o f their 
spectroscopic and analytical data.
H /N—(
Ph
, ph W
F e(C O X  ^ 0  °C, 3 h. Fe(c o )3
144 146
4 5 %
The 'H NM R spectrum o f complex 146 contained doublets at 0.48 (J4.5 Hz), 1.84 (J 
7.7 Hz) and 5.12 (J 7.7 Hz) ppm which were assigned to Ha and the protons at C4 and 
C3 respectively. A  multiplet at 1.80 ppm was assigned to the Hp proton. A  pair o f 
doublets at 1.26 and 1.31 ppm (J6.3 Hz) and a multiplet at 3.61 ppm were assigned to 
the two methyl groups and the methine proton that make up the isopropyl group, 
while a multiplet at 3.24 ppm was assigned to the NH proton. 13C N M R  assigmnents 
were made with the aid o f a *H/13C heteronuclear correlation experiment. Signals at 
22.2 and 23.7 ppm were assigned to the methyl groups, the terminal olefinic carbon 
C l gave rise to a signal at 30.9 ppm and a signal at 44.7 ppm was assigned to the 
methine carbon o f the isopropyl group. C4 and C3 give signals at 54.5 and 60.7 ppm 
respectively. The IR spectrum contains a broad NH  stretching band at 3 418 cm'1 and 
two carbonyl bands at 2 051 and 1 951 cm'1.
One final complex, (l-(l-phenylethyl)-2-methyl-4-phenyl-l-azabuta-l,3- 
diene)tricarbonyliron(O) 147, was chosen for rearrangement.
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This complex was o f interest because it contains a chiral centre attached to the 1,3- 
diene fragment in addition to the chirality associated with the coordination o f an 
unsymmetrical diene to the tricarbonyliron(O) group. Thus, complexation o f 1-aza-
1,3-diene 148 should lead to formation o f diastereoisomers. It was hypothesised that 
these diastereoisomers could be separated by reaction with lithium diethylamide. 1 - 
Aza-1,3-diene 148 was synthesised by stirring racemic 1-phenylethylamine and 1- 
oxa-l,3-diene 130 in toluene at room temperature for 96 h. 1-Aza-1,3-diene 148 is 
identified by a doublet at 1.55 ppm (J 6.5 Hz) due to the methyl group in the 1- 
phenylethyl fragment, a singlet at 2.09 ppm due to the methyl group at C2 and a 
quartet at 4.79 ppm due to the methine proton in the ‘H N M R  spectrum o f the crude 
mixture. In view o f the difficulty experienced in isolating 1-aza-1,3-diene 141, a 
solution o f the crude product mixture in toluene was stirred with diiron nonacarbonyl 
at 40 °C under an atmosphere o f nitrogen for 3 h. After a standard work up and 
chromatography, a red gum was obtained and identified as a 2:1 mixture o f 
diasteomeric complexes 147a and 147b on the basis o f its spectroscopic and analytical 
data. The *H N M R spectrum o f the major diastereoisomer contained a doublet at 1.47 
(J  6.5 Hz) and a quartet at 3.48 ppm (J  6.4 Hz) which were assigned to the methyl 
group and methine proton o f the 1-phenylethyl fragment. A  singlet at 2.11 was 
assigned to the methyl group at C2 and doublets at 3.09 and 5.36 ppm (J  8.8 Hz) were 
assigned to the protons at C4 and C3 respectively. The minor diastereoisomer is
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manifested as a doublet at 1.40 ppm (J  6.5 Hz) and a quartet at 3.52 ppm (J  6.4 Hz) 
due to the methyl group and the methine proton o f the 1-phenylethyl fragment. A  
singlet at 2.55 ppm and doublets at 2.95 and 5.39 ppm (J  8.8 Hz) were assigned to the 
methyl group at C2 and the protons at C4 and C3 respectively.
i Ph NHo I /
130 Toluene, 148 > h
4 days, rt. 
Fe2(CO)9, 
Toluene, 
40 °C, 3 h.
Ph— /7T <Vl—/  Ph—
Pe(CO)3 Ph Fe(CO)3 Ph
147a 147b
2:1 mixture, 40 %
The 13C N M R spectrum contained signals at 16.06, 28.45, 59.25, 62.07 and 70.38 ppm 
assigned to the methyl group at C2, the methyl group o f the 1-phenylethyl fragment, 
the chiral carbon, C4 and C3 respectively o f the major diastereoisomer. Signals at 
15.11, 25.63, 58.69, 62.96 and 71.11 ppm were assigned to the methyl group at C2, 
the methyl group o f the 1-phenylethyl fragment, the chiral carbon, C4 and C3 
respectively o f the minor diastereoisomer. Carbonyl stretching frequencies were 
observed at 2 051, 1 990 and 1 970 cm'1 in the IR spectrum o f complexes 147a and 
147b.
Treatment o f this 2:1 mixture o f diastereomeric complexes with lithium diethylamide 
at 0 °C for 3 h followed by a standard work up and chromatography led to isolation o f
Chapter 2: Reaction of (2-Methy l-l-aza-1,3-diene) tricar bony Uron(0) Complexes
__________ with Lithium Amides____________________________________________ CL
a yellow gum identified as a mixture o f complexes 149a and 149b on the basis o f its 
*H, 13C NM R and IR spectra.
Phy
£e(CO )3 Ph 
147a
Ph J Nn — {
Fe(CO)3 Ph
147b
H /
N \  
Ph
Ph
i) Et2N"
pe(CO)3
ii) MeOH 
THF, 0 °C, 3 h.
U
Ph
P h—
Fe(CO)3
149a and 149b
1:10 mixture
The 'H N M R  spectrum o f the major product contained a doublet at 0.56 ppm (J 4.5 
Hz) and a double doublet at 1.97 ppm ( J  1.7 and 4.6 Hz) which were assigned to Hp 
and Ha respectively. The methyl peak appeared as a doublet at 1.49 ppm (J  6.8 Hz), 
the protons at C4 and C3 gave rise to doublets at 1.74 and 4.88 ppm (J 8.0 Hz), the 
NH  proton was a broad signal at 3.51 ppm and the methine proton produced a double 
quartet at 4.35 ppm (J  2.9 and 6.8 Hz). The *H N M R spectrum o f the minor product 
contained a doublet at 0.37 ppm (J  5.0 Hz) due to the Hp proton, a doublet at 1.56 ppm 
(J 6.8 Hz) due to the methyl group and a doublet at 5.17 ppm (J 7.7 Hz) due to the 
proton at C3. In the 13C N M R spectrum a signal at 25.1 ppm was assigned to the 
methyl group, the terminal olefinic carbon C l resonates at 33.3 ppm and the signal 
due to C3 appears at 63.1 ppm. The IR spectrum contains carbonyl stretching bands 
at 2 038,1 973 and 1 957 cm’1.
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It is noteworthy that the rearrangement led to preferential formation o f one pair o f 
diastereoisomers. In view o f this observation, the diastereomeric complexes 147a and 
147b were separated by chromatography and rearranged using lithium diethylamide in 
THF at 0 °C under standard conditions. After a standard work up and 
chromatography it was found that each diastereoisomer rearranged to preferentially 
produce the same product. Thus it appeared that one reaction proceded with retention 
o f configuration whereas the other proceeded with inversion o f the planar chirality 
associated with the 1-aza-1,3-diene and tricarbonyliron(O) group.
This observation can be accounted for by considering intermediate 152 in which the
is free to swing to either the top or bottom face o f the 1,3-diene. Thus, although the 
stereochemistry o f the two starting complexes 147a and 147b is different, the reaction 
mechanism allows the most favoured configuration to be adopted in the product.
147b
tricarbonyliron(O) moiety is joined to the nitrogen atom by an associative bond and so
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In view o f these observations it was decided to synthesise complexes 155a and 155b 
starting from S-1 -phenylethylamine and 1-oxa-1,3-diene 130. It was hypothesised 
that treatment o f these complexes with lithium diethylamide would preferentially 
produce a single diastereoisomer o f the rearrangement product 156. Accordingly, 2- 
methyl-l-oxabuta-1,3-diene 130 was condensed with S- 1-phenylethylamine in toluene 
at room temperature for 96 h to yield 2-methy 1-1-(1-phenylethyl)-4-phenyl-l-azabuta-
1,3-diene 157 which upon complexation with diiron nonacarbonyl gave rise to a 2:1 
mixture o f the two diastereomeric complexes 155a and 155b as a red gum.
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Fe2(CO)g, 
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40 °C, 3 h.
Ph— / T V /  p h — / ? ( - /
a Ph * VFe(CO)3 Ph 
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Fe(CO)3 Ph 
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Chromatography o f this gum afforded a single diastereoisomer which was tentatively 
assigned as S, 5'-(2-methyl-1 -(1 -phenylethyl)-4-phenyl-1 -azabuta-1,3 -diene)
tricarbonyliron(O) 155a by comparison o f its *H NM R spectrum with that o f the very 
closely related complex S,S-88 reported in the literature38.
/
Ar—  • N— fi
Fe(CO)3 Ph 
S,S-88
A r = A  n— OMe
The N M R  spectrum o f S,S-155 are a doublet at 1.47 ppm (J  6.5 Hz) due to the 
methyl group o f the 1-phenylethyl fragment, a singlet at 2.11 ppm due to the second 
methyl group, doublets at 3.09 and 5.36 ppm (J  8.8 Hz) due to the protons at C4 and 
C3 respectively and the quartet at 3.48 ppm ( J 6.5 Hz) due to the methine proton.
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It was o f interest to determine i f  reaction o f 155a and 155b with 1, 2 or 5 equivalents 
o f lithium diethylamide in THF at temperatures between -78 and 0 °C could be used 
to produce a single diastereomeric product. The results o f this work are summarised 
in Table 2.2.
Ph— ^  i
h(CO)3 Ph
155a i) Et2N' (1-5 eq)
/ ii) MeOH
/  i \ \  /
Ph— 77 N— ^
THF, -78 to 0 °C.
Fe(CO)3 Ph
155b
Ph _ / X
Ph
Fe(CO)3
156a
Ph
Fe(CO)3
156b
Ph
The product ratios were determined by analysing the signals due to the Hp protons o f 
each diastereoisomer at 0.36 and 0.56 ppm and in each case dividing the peak area o f 
the higher field signal by the peak area o f the lower field signal. Thus a ratio o f 0.1 
represents a 10:1 mixture in favour o f the low field signal while a ratio o f 2 represents 
a 2:1 mixture in favour o f the high field signal. The ratio o f the two complexes in the 
starting material was 0.520 prior to reaction with lithium diethylamide.
It is evident from these results that the best conversions and the best diastereomeric 
excesses were observed when 5 equivalents o f lithium diethylamide were used. This 
trend was observed at all temperatures and it was always the same enantiomer that 
formed preferentially in these cases. The best diastereoisomeric excess occured at -40 °C
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but the conversion at this temperature is moderate and a much better conversion 
was seen at -15 °C.
Temperature Amide
Equivalents
Components o f Product Mixture (Ratio)
Conversion % 155b:155a Product
0°C
1 23 0.448 0.990
2 69 0.453 2.482
5 89 0.466 0.106
-15 °C
1 62 0.189 1.296
2 50 0.150 1.077
5 84 0.130 0.086
-40 °C
1 0 - -
2 0 - -
5 54 0.158 0.077
• oo o O
1 46 0.682 0.681
2 47 0.540 0.596
5 85 0.415 0.120
Table 2.2. Formation o f 156a and 156b by reaction o f 155a and 155b with lithium 
diethylamide.
The ratio o f complexes 155a and 155b in the product mixture gave an indication o f 
selective reactivity. In most cases the R, ^ -diastereoisomer 155b reacted in preference 
to the S, ^ -diastereoisomer 155a causing the value o f the starting ratio to fall. The 
lowest values, and hence the greatest selectivities, were observed at -15 °C and the 
best o f these occurred when 5 equivalents o f the lithium amide were used. Thus, it
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may be concluded that the optimum conditions for this conversion are 5 equivalents o f 
lithium diethylamide at -15 °C.
The scope o f the rearrangement reaction was further probed in order to determine its 
synthetic utility. Initially the reaction o f (2-methyl-1,4-diphenyl-1 -azabuta-1,3- 
diene)tricarbonyliron(O) 73 with lithium diethylamide and methyl iodide was studied. 
A  solution o f complex 73 in THF was added to a solution o f the anion in THF at 0 °C 
under an atmosphere o f nitrogen. The mixture was stirred for 3 h and then quenched 
with methyl iodide. Filtration, removal o f the solvent and chromatography yielded a 
yellow gum in good yield which was identified as (2-(77-methyl-7V-phenylamino)-4- 
phenylbuta-l,3-diene)tricarbonyliron(0) 158 on the basis o f its spectroscopic and 
analytical data. The !H NM R spectrum o f complex 158 contained a doublet at 0.67 
ppm (J  5.0 Hz) which was assigned to Hp, a doublet at 1.86 ppm (J  8.2 Hz) was 
assigned to the proton at C4, a double doublet at 2.09 ppm (J 1.8 and 5.0 Hz) was 
assigned to Ha and a doublet at 5.19 ppm (J 1.1 Hz) was assigned to the proton at C3. 
The iV-methyl signal was observed at 3.28 ppm. In the 13C N M R  spectrum o f complex 
158 signals at 35.30, 55.15 and 63.05 ppm were assigned to the terminal carbon C l, 
C4 and C3 respectively. The 77-methyl carbon was observed at 38.70 ppm. Typical 
carbonyl bands appeared at 2 038 and 1 973 cm'1 in the IR  spectrum o f complex 158.
Me
\
N -P h
I ii) Mel
Fe(CO)3 THF, 0 °C, 3 h.
73
Fe(CO)3
158
82%
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Following this success it was decided to attempt to introduce a more sterically 
demanding alkyl group. To this end complex 73 was deprotonated under standard 
conditions and the reaction was quenched with benzyl bromide. After 
chromatography a yellow gum was isolated and identified as complex 159 on the 
basis o f its spectral characteristics. The salient feature in the ‘FI N M R  spectrum o f 
159 is the pair o f doublets at 4.73 and 5.03 ppm (,J 16.6 Hz) due to the diastereotopic 
benzyl protons. Other doublets at 0.72 (J 5.0 Hz), 1.80 (J 8.1 Hz), 5.14 ppm (J 7.6 
Hz) and a double doublet at 2.14 ppm (J 1.9 and 5.1 Hz) were assigned to Hp, the 
protons at C4 and C3, and Ha respectively. In the 13C N M R spectrum signals at 37.17, 
55.15, 55.90 and 64.29 ppm were assigned to C l, C4, the benzyl carbon and C3 
respectively with the aid o f a DEPT spectrum. The IR  spectrum o f complex 159 
contained carbonyl signals at 2 038, 1 973 and 1 961 cm’1.
P h — \
N - P h
^  Ph^ A [ \
Fe(CO)3 
159
4 6 %
It was hypothesised that i f  the alkyl tether possessed a functional group, the resulting 
complex would potentially be more synthetically useful since further synthetic 
transformations could be carried out under the influence o f the iron tricarbonyl 
moiety. Consequently, the synthesis o f complex 160 by rearrangement o f complex 73 
and quenching with allyl bromide was attempted.
Ph _ / N - P h
Fe(CO)3
73
i) Et2N'
ii) P h '^ 'B  
THF, 0 °C, 3
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The reaction was carried out under standard conditions and, after chromatography, led 
to isolation o f a yellow gum identified as complex 160 on the basis o f its 
spectroscopic and analytical data. The *H and 13C NM R spectra o f 160 were assigned 
by carrying out DEPT and !H/13C heteronuclear correlation experiments. In the ’H 
N M R  spectrum o f complex 160, a multiplet at 4.15-4.43 ppm was assigned to the 
methylene protons o f the allyl group, the terminal olefinic protons o f the allyl group 
appeared as a multiplet between 5.22 and 5.41 ppm and the remaining olefinic proton 
produced a multiplet at 5.94-6.05 ppm. Doublets at 0.68 (J  5.1 Hz), 1.82 (J  8.1 Hz), 
5.18 ppm (J  7.5 Hz) and a double doublet at 2.10 ppm (J  1.9 and 5.1 Hz) were 
assigned to H(i, the protons at C4 and C3 and Ha respectively.
Ph
\
i) Et2N"Ph—" N—Ph — -— 2—
ii) ^Fe(CO)3 '  v  Br
73 THF, 0 C, 3 h.°
Fe(CO)3
160
34%
The 13C N M R spectrum contained a signal at 54.52 ppm assigned to the methylene 
carbon o f the allyl group and a signal at 117.0 assigned to the terminal carbon o f the 
allyl group. Other signals at 36.0, 55.07 and 63.58 ppm were assigned to the terminal
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carbon o f the diene system C l, C4 and C3 respectively. The IR spectrum contained 
carbonyl bands at 2 034 and 1 958 cm"1.
These rearrangement and alkylation reactions were foimd to be general for all the 1- 
aza-l,3-diene complexes above in each case yielding a yellow oil identified as being 
the corresponding 2-amino complex on the basis o f their analytical, 'H and 13C N M R  
and IR spectroscopic data. A ll the complexes synthesised are shown in Table 2.3. 
with their respective yields.
R*
\
r i .
i) Et2N“
N-F
An IV— IX
Fe(CO)3
Ii) R'X
THF, 0 °C, 3 h.
Ph—
Fe(CO)
Starting Complex Product
No. R R ’X No. Y ield %
Mel 158 82
73 Ph PhCH2Br 159 46
CH2=CHCH2Br 160 34
Mel 161 46
138 4-C6H4OMe PhCH2Br 162 27
CH2=CHCH2Br 163 22
Mel 164 58
141 PhCfI2 PhCH2Br 165 38
CH2=CHCH2Br 166 41
Mel 167 32
144 (CH3)2CH PhCH2Br 168 24
CH2=CHCH2Br 169 24
Table 2.3. Summary o f the rearrangement and alkylation reactions o f complexes 73, 
138,141 and 144.
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In some cases it was possible to obtain crystals from a solution o f these yellow oils in 
hexane at -20 °C which were used to obtain crystal structures o f several o f this new class o f 
complexes. The crystal structure o f (2-(A-(4-methoxyphenyl)-7V-methylamino)-4- 
phenylbuta-l,3-diene)tricarbonyliron(0) 161 is representative and is presented in 
Figure 2.1 (page 72). Complex 161 crystallised in the monoclinic space group C2/c. 
a= 23.005 A; b= 7.909 A; c= 21.285 A. The structure shows the iron atom bound to 
three carbon monoxide ligands and the four carbon atoms o f the buta-1,3-diene unit. 
H41 was situated above the tricarbonyliron(O) moiety which explains the strong 
shielding observed in the XH N M R spectra o f these complexes. The Fe-C7 bond 
length was 2.113 A, Fe-C6 was 2.077 A, Fe-C5 was 2.164 A  and Fe-C4 was 2.100 A. 
The C5-N bond length was 1.374 A  compared to 1.449 A  for N-C8 and 1.437 A  for 
N-C21 and is close to the C-N bond length o f 1.365 A  observed in the 1-aza-1,3-diene 
unit o f (1,4-diphenyl-1-azabuta-1,3-diene)tricarbonyliron(O) 546. It is clear that the 1- 
aza-l,3-diene-metal linkage cannot be described by any single structure and that 
structures 170 and 171 both make contributions to the metal-ligand bonding.
170 171
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Figure 2.1. X-ray crystal structure o f complex 161. The atoms are labelled in 
accordance with the standard crystallographic numbering scheme. C4, C5, C6 and C7 
in this structure correspond to C l, C2, C3 and C4 respectively. H41 and H42 
correspond to Ha and Hp.
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Several attempts were m a d e  to synthesise complexes bearing an acyl substituent at the 
nitrogen atom to give (2-amidobuta-l,3-diene)tricarbonyliron(0) complexes such as 
172. The reactions were quenched with acetyl chloride, acetic acid and acetic 
anhydride but none were successful.
O
f
N—Ph
?  0  EtzN- j f 7 \
I , " “ Ph H)AcCKEtt N "  P" - / /  I ^
F "<C 0 1 * ™ F , 0 ° 0  3I,. P * | CO | >
73 172
Not formed
Further attempts to introduce a carbonyl group into the side chain, firstly by extending 
the carbon backbone and quenching with chloroacetone and, secondly by changing the 
halide to the more reactive bromide in a-bromoacetophenone were also unsuccessful.
2.3. Reactivity of (2-AminO“4-phenyIbuta-l,3-diene)tricarbonyliron(0) 
Complexes
The reactivity of this n e w  class of complexes was investigated. Enamines m a y  be 
considered as being enolate anion equivalents and since these complexes are trapped 
enamines it was decided to determine if the complexes would undergo an aldol 
reaction with an aldehyde in the presence of a decomplexing reagent. (2-(N- 
Phenylamino)-4-phenylbuta-1,3-diene)tricarbonyliron(0) 132 and an excess of 
acetaldehyde were dissolved in acetone to which was added trimethylamine TV-oxide. 
The mixture was heated at reflux overnight under an atmosphere of nitrogen. The 
resulting brown suspension was filtered through alumina to remove solid residues and
the solvent was removed under reduced pressure to afford a yellow gum. lU N M R  
analysis of this g u m  showed that the uncomplexed 1-aza-1,3-diene 74 was the major 
component.
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Ph _ Y r _ (
H 
N - P h
Fe(CO)3 
132
CH3CHO- - - - - - - - 1
Me3N+-0",
Acetone,
A.
P h ' + X ' N MV Ph
74
E,E:E,Z 3:1
A  classical enamine reaction was reported in which 1-pyrrolidinocyclohexene 173 
was reacted with (2-methoxycyclohexadienylium)tricarbonyliron tetrafluoroborate
174 to afford (2-methoxy-5-(2-oxocyclohexyl)cyclohexa-l,3-diene)tricarbonyliron(0)
175 in good yield7,6S.
It was possible that the enamine complexes might react with (dienyl)tricarbonyliron 
cationic salts in a similar way. (4-Methoxy-l-methylcyclohexadienylium) 
tricarbonyliron hexafluorophosphate 176 was synthesised for this purpose.
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OMe ©
Fe(CO)3
Me
176
The terminus of the cyclohexadienyl cation is methyl substituted, thus if the enamine 
complex attacks at this position the reaction would generate a n e w  chiral centre under 
the influence of both tricarbonyliron groups. The complex salt 176 was prepared from 
/9-methylanisole 177 in accordance with literature procedures7,69. A  solution of 177 in 
ethanol was treated with sodium metal and liquid ammonia. Excess sodium was 
destroyed by adding sodium acetate and then the resulting mixture was extracted 
twice with ether. The combined organic extracts were dried and the solvent was
OMe OMe
Me
177
Me
178
T s O H ,  
80 °C, 
2 h.
OMe OMe
4 F e ( C O ) 5
(CO)3Fe r?-(C4Hg)20, 
Reflux, 4 8  h.
Me
180
4 3 %
y
Me
179
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removed to afford a colourless oil identified as 1 -methoxy-4-methylcyclohexa-1,4- 
diene 178 by on the basis of its N M R  spectrum70.
1,4-Diene 178 was isomerised to l-methoxy-4-methylcyclohexa-1,3-diene 179 with p- 
toluenesulphonic acid at 80 °C for 2 h69. The ’H  N M R  spectrum of the resulting oil 
confirmed the conversion had taken place70. 1,3-Diene 179 was complexed with iron 
pentacarbonyl in refluxing di-«-butyl ether over a period of 48 h. The identity of the 
resulting yellow oil was confirmed as (l-methoxy-4-methylcyclohexa-l,3-
diene)tricarbonyliron(O) 180 by comparison of its ‘H  and IR spectra with literature 
values7.
OMe
180
Ph3C +BF4' 
c h 2c i2
n h 4+p f 6-
h 2o
©6
6 7 %
Hydride was abstracted from complex 180 with triphenylcarbenium tetrafluoroborate 
in dichloromethane to afford (4-methoxy-l-methylcyclohexadienylium) 
tricarbonyliron tetrafluoroborate 181 as a yellow solid69.
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The counterion was exchanged by dissolving the cationic complex salt 181 in water 
and reacting with a m m o n i u m  hexafluorophosphate. The yellow precipitate was 
removed by filtration and identified as (4-methoxy-l- 
methylcyclohexadienylium)tricarbonyliron hexafluorophosphate 176 by comparison 
of its !H  and 13C  N M R  spectroscopic data with literature values7,69.
(2-(A-Methy l-TV-pheny lamino)-4-phenylbuta-1,3 -diene)-tricarbonyliron(O) 158 and 
complex salt 176 were dissolved in acetonitrile and heated at reflux for 2 h. The 
solvent was removed under reduced pressure and the dark green residue was dissolved 
in water and heated on a steam bath for 15 min. After cooling the mixture was 
extracted with ether and the solvent was again removed to afford a yellow crystalline 
solid. lH  N M R  of these crystals identified them to be the starting complex 158. 
There was no evidence for formation of the desired complex 182.
©
Ph
Not formed
In a further attempt to produce a 2-amido complex, (2-(7V-phenylamino)-4-phenylbuta-
l,3-diene)tricarbonyliron(0) 132 was dissolved in acetic anhydride and refluxed for 3 
h. The resulting mixture was filtered through alumina and the solvent was removed in
Me
Ph
Fe(CO)3
158
Me /
'N - P h  <CO >3Fe OMe
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vacuo to give a yellow g u m  which was identified as the starting complex 132 on the 
basis of its 'H N M R  spectrum.
H 
N - P h
/ T A  a c 2o
Ph I Reflux, 3 h. *  No reaction
Fe(CO)3 
1 32
It is evident from the reactions presented in this section that the 2-amino complexes 
will not readily react as enamines probably because the required electron density is 
involved in the metal-ligand bonding.
2.4. Conclusions
The treatment of (2-methyl-1 -azabuta-1,3-diene)tricarbonyliron(0) complexes with 
lithium amide bases has given rise to a novel rearrangement reaction leading to the 
formation of (2-aminobuta-l,3-diene)tricarbonyliron(0)complexes in good yield. The 
scope of the reaction is significantly increased by quenching with alkyl halides, 
particularly allyl bromide. It has also been demonstrated that by careful control of the 
reaction conditions it is possible to separate a mixture of diastereoisomeric 1-aza-1,3- 
diene complexes and preferentially form one rearrangement product. The synthetic 
utility of (2-aminobuta-l,3-diene)tricarbonyliron(0) complexes has yet to be 
determined and m u c h  remains to be discovered.
CHAPTER 3
3.0 . R eaction  o f  L ith iu m  A m ides w ith  (2 -E th y l- l~ a z a -l,3 -d ie n e )  
tr ic a rb o n y liro n (O ) Com plexes
The effect of extending the alkyl group at C 2  on the rearrangement reaction was 
investigated. The tricarbonyliron(O) complex 183 derived from 2-ethyl- 1,4-dipheny 1- 
1 -azabuta-1,3 -diene 184 was synthesised for this purpose.
P h — "  fsi—Ph P h ^ ^ l s r t P h
Fe(CO)3 184
183
2-Ethy 1-4-phenyl-1-oxabuta-1,3-diene 185 was prepared by heating a stirred mixture 
of benzaldehyde 55 and aqueuos sodium hydroxide at reflux temperature. 2-Butanone 
186 was added dropwise over a period of 1 h and reflux was continued for a further 2 
h and then the cooled mixture was extracted with dichloromethane. The combined 
organic extracts were dried and the solvent removed under reduced pressure to afford 
a yellow oil identified as 185 by comparison of its N M R  and IR data with literature 
values63.
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I] +  / X   ►
Reflux, 3 h.
ne 186
P h f a V + o
185
The methods used previously in Chapter 2 for the synthesis of the 2-methyl 
substituted l-aza-l,3-dienes were not suitable for the preparation of 1-aza-1,3-diene 
184 giving rise only to a yellow crystalline substance identified as the Michael 
addition product 187 on the basis of its lH N M R  spectrum. The !H  N M R  spectrum of 
187 contained a triplet at 0.97 p p m  (J 7.3 Hz) and a multiplet at 2.34 p p m  which were 
assigned to the methyl and methylene protons of the ethyl fragment. A  doublet at 
2.89 p p m  (J 6 A Hz) was assigned to the protons at C3, a broad signal at 4.53 p p m  was 
assigned to the proton at nitrogen and a triplet at 4.83 p p m  (J 6.4 Hz) was assigned to 
the proton at C4.
O w i n g  to the difficulties encountered in synthesising 1-aza-1,3-diene 184 a different 
methodology had to be employed. A  recent report of the formation of 
(vinylketenimine)tricarbonyliron(O) complexes 188 from (vinylketene)- 
tricarbonyliron(O) 189 complexes using phosphoramidate anions71 had proved very 
successful.
185
M gS 04, 
24h.
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OII
R
( E t O Y  "N  H
R
Ph Ph
(CO)3Fe
189
BuLi I W(CO)3Fe N - R '  
188
Since this transformation was similar to the one required for the preparation of 1-aza-
1,3-diene 184 the phosphoramidate 190 derived from aniline was prepared according
to a literature procedure72. Diethyl phosphite 191 was dissolved in carbon
amount of aniline and catalytic amounts of sodium hydrogen carbonate, potassium 
carbonate and tetraethylammonium bromide in dichloromethane maintaining the 
temperature at 10-15 °C. The mixture was stirred for 2 h  at 15-20 °C and then 
overnight at r oom temperature. The inorganic solids were removed by filtration and 
washed with dichloromethane. Removal of the solvent gave the crude 
phosphoramidate as a white solid which was recrystallised from hexane. The 
recrystallised product was identified as phosphoramidate 190 on the basis of its [H  
N M R  spectrum of which the most notable feature is a multiplet centred at 4.14 p p m  
due to the methylene protons of the ethyl groups which are coupled to the 
phosphorous nucleus.
tetrachloride and added dropwise with stirring to a mixture containing an equimolar
O PhNH2, 
CC14,
O
It II
(EtO)2 OH 
191
CH2CI2, KHCO3, 
K2C 0 3, (Et)4N+Br.
*■ ( E t O ) Y P ^ N  H
/ P h
1 9 0
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Having prepared phosphoramidate 190, the next step was to react its anion with the 1- 
oxa-l,3-diene 185 in order to produce the 1-aza-1,3-diene 184. T o  this end the anion 
was generated by treating 190 with butyllithium in T H F  at -78 °C under an 
atmosphere of nitrogen. The resulting mixture was stirred for 10 min, w a r m e d  to 
r oom temperature and then re-cooled to -78 °C. 1-Oxa-1,3-diene 185 was added as a 
solution in T H F  and the mixture was stirred at room temperature overnight. Filtration 
through a plug of alumina followed by solvent removal gave a g u m  which was shown 
by *H N M R  spectroscopy to contain only the phosphoramidate and the starting 
ketone.
A  further attempt was m a d e  to produce complex 183 directly by reacting (2-ethyl-4- 
phenyl-l-oxabuta-l,3-diene)tricarbonyliron(0) 192 with phosphoramidate 190. 
Complex 192 was synthesised by reaction of 1-oxa-1,3-diene 185 with diiron 
nonacarbonyl in accordance with the procedures detailed in Chapter 2.
OII
Ph
P h Z z + O
185 n-BuLi, THF, 0 °C.
"-Ph
184
P h ^ y z ^ o
185
4 0  ° C ,  3  h , N 2 . Fe(CO)3
192
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The *H N M R  spectrum of the red crystals of complex 192 contained a triplet at 1.41 
p p m  (,J 7.5 Hz) assigned to the methyl group, a quartet at 2.81 p p m  (J 7.5 Hz) 
assigned to the methylene protons along with the usual signals at 3.12 p p m  (J 9.0 Hz) 
and 6.05 p p m  (J 9.0 Hz) due to the protons at C 4  and C 3  respectively. The I3C  
spectrum contained signals at 11.50, 27.80, 60.90 and 75.89 p p m  which were assigned 
to the methyl and methylene carbons, C 4  and C3 respectively. Carbonyl signals were 
observed at 2 065, 2 005 and 1 985 cm'1 in the IR spectrum of 192 
Complex 192 was reacted with phosphoramidate 190 in a manner identical to that 
described above for 1-oxa- 1,3-diene 185. After filtration and removal of the solvent 
under reduced pressure, examination of the !H  N M R  spectrum of the product mixture 
showed only phosphoramidate 190 and the uncomplexed ketone 185.
OII. P s ^ P h  
(EtO)2 N 
J H
190 . . / /  XN
N - P h
Fe(co)3 ?hBFUL0 °C . Fe(CO)3
192 183
After some time a suitable method was found. Literature reports73,74 indicated that a 
Lewis acid catalyst might force the reaction between 1-oxa-1,3-diene 185 and aniline 
to proceed. According to a literature procedure73, 1-oxa-1,3-diene 185 and aniline 
were dissolved in dry dichloromethane and cooled to 0 °C. Triethylamine followed 
by titanium tetrachloride were added and the resulting mixture was stirred for 0.5 h 
before the mixture was allowed to w a r m  to room temperature and stirred for a further 
4 h. After this time the titanium oxide formed was removed by filtration and the
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solvent was removed under reduced pressure to give a yellow gum. This g u m  was 
dissolved in dry toluene to precipitate triethylamine hydrochloride which was 
removed by filtration. Removal of the solvent under reduced pressure afforded a 2:1 
mixture of the crude E,E and E,Z 2-ethy 1-1,4-diphenyl-1-azabuta-1,3-diene 184 as a 
yellow g u m  in 65 %  yield. The !H  N M R  spectrum of 184 contained triplets at 1.12 
and 1.33 p p m  (J l . l  Hz) assigned to the methyl groups and quartets at 2.47 and 2.80 
p p m  (J 7.7 Hz) assigned to the two sets of methylene protons.
P h X A N ^ P h  
p hX A 0 P j m  „  £ ,E  184
185 TiCI4/Et3N + ^
i) DCM, 0 °C, 0.5 h.
ii) rt, 4 h. P h X X N  
184 Ph
2:1 mixture
The crude 1-aza-1,3-diene 184 and diiron nonacarbonyl were stirred in toluene at 40 
°C for 3 h under an atmosphere of nitrogen. Filtration, removal of the solvent and 
chromatography yielded complex 183 as red crystals. The *H N M R  spectrum of 
complex 183 contained a multiplet at 1.55 p p m  due to the methyl group, a pair of 
multiplets between 2.46 and 2.80 p p m  were assigned to the diastereotopic methylene 
protons and doublets at 3.21 and 5.63 p p m  (J 8.9 Hz) which were assigned to the 
protons at C 4  and C3 respectively. In the ,3C  N M R  spectrum signals at 13.20 and 
22.20 p p m  were assigned to the methyl and methylene carbons of the ethyl fragment 
respectively, and signals at 60.21 and 68.28 were assigned to C 4  and C3. Carbonyl
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bands were observed at 2 053 1 991 and 1 976 cm'1 in the IR spectrum of complex
183.
p h Z y N vW Ph 
184
Fe2(CO)g
// "P h — "  N - P h
Fe(CO)3
183
40 °C, 3 h, N2.
Toluene,
Reaction of (2-ethyl-l,4-diphenyl-l-azabuta-l,3-diene)tricarbonyliron(0) 183 with 
lithium diethylamide can, in principle, lead to two rearrangement products, the E,E 
complex 193a and the E,Z complex 193b. The existence of complexes 193a and 193b
H a protons and the signal due to the methyl group in the ]H  N M R  spectrum. Thus it 
was interesting to determine if a single product or a mixture of products would be 
formed during the reaction.
Complex 183 was treated with lithium diethylamine in T H F  at 0 °C for 3 h. After 
quenching with methanol and a standard work-up a brown oil was obtained. 
Chromatography of this brown oil afforded a yellow oil identified as E,E (l-methyl-2- 
(A7-phenylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O) 193a on the basis of its 
!H  and 13C  N M R  and IR spectra. In the !H  N M R  spectrum of complex 193a there was
in the product mixture would be indicated by the pattern of signals due to the H p and
H
N - P h
H
N — Ph
C H 3
(CO)3Fe
193a
(CO)3Fe P 
193b
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a double quartet at 3.19 p p m  ( J  1.7 and 7.2 Hz) due to H a coupled both to the methyl 
group and to the proton at C 3  which in this case gives rise to a double doublet at 5.76 
p p m  (J 1.7 and 8.6 Hz). The methyl group is evident as a doublet at 1.44 p p m  (J 7.2 
Hz), and a doublet at 2.99 p p m  (J 8.6 Hz) was assigned to the proton at C4. The 13C  
N M R  spectrum of complex 193a contained signals at 14.33, 48.48, 50.49 and 71.19 
p p m  which were assigned to the olefinic carbon Cl, the methyl carbon, C 4  and C 3  
respectively. The IR spectrum contained carbonyl signals at 2 039 and 1 973 cm'1.
H 
N - P h
<) Et2N- _ y — f i f' M — Dh ------------------------ ► P h   )--Ph
ii) MeOH 
Fe(CO)3 THF o oc  3 h
-Ha
C H
183 ■■■■>« (CO)3Fe
193a only 
3 6 %
If 193b was in the product mixture the !H  N M R  spectrum should contain a high-field 
quartet due to H p in the region of 1.2 p p m 11 which would not show any long range 
coupling to the proton at C3. The indications were that only 193a was present in the 
product mixture and there was no evidence for 193b.
In order to confirm the structure of the reaction product as complex 193a, N O E  
experiments were performed. The proton at C 4  was irradiated and produced an 
enhancement of the signal due to the methyl group. Similarly, irradiation of the 
methyl group produced an enhancement of the signal due to the proton at C4. Both 
enhancements were approximately 7-10 %  and indicate that the methyl group and the 
proton at C 4  are in close proximity. This proximity m a y  only c o m e  about if the E,E 
diene is complexed to the tricarbonyliron(0) moiety.
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H
Ph
Fe(CO)3
193a
Examination of a molecular model of the 1-aza-1,3-diene complex 183 indicates that 
rotation of the bond between C 2  and the methylene carbon is restricted by the ortho 
protons of the N-phenyl ring with the result that the methyl group points away from 
the ring.
EtoN’
Fe(CO)3 
183
Ph
(CO)3Fe
193a
Fe(CO)3 
194
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If the mechanism proposed for the rearrangement reaction is followed, deprotonation
intermediate 195. Rotation about the C2-C3 bond gives 196 which upon protonation 
would indeed yield 193a.
It was possible to obtain crystals from hexane at -20 °C from which X-ray 
crystallographic data were obtained. These data quite clearly s how the solid state
N M R  data. However, w h e n  these crystals were redissolved in chloroform the ‘H  
N M R  spectrum was the same as before, therefore it appears that 193a is the solution 
structure which isomerises to 193b upon crystallisation.
Complex 193b crystallised in the triclinic space group PI. a= 8.149 A; b =  10.479 A; 
c= 11.776 A. The Fe-C7 bond length was 2.114 A, Fe-C6 was 2.062 A, Fe-C5 was 
2.145 A and Fe-C4 was 2.129 A. Again the C 5 - N  bond length was almost as short as 
the C - N  bond length in the heterodiene fragment of complex 546. The C4-C8 bond 
length was 1.497 A compared with 1.437 A for C4-C5, 1.411 A for C5-C6 and 1.434 
A for C6-C7. These data show that structure 197 makes a large contribution to the 
bonding in complex 193b.
of complex 183 gives rise to intermediate anion 194 and then the //-azaallyl
structure to be 193b (Figure 3.1 on page 89) in complete contradiction with the !H
H
N - P h
H
N - P h
Fe(CO)3
193b
1 9 7
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Figure 3.1. X-ray crystal structure of complex 193b. C4, C5, C 6  and C 7  in this 
structure correspond to Cl, C2, C3 and C 4  respectively. H 4  corresponds to H a.
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It was hypothesised that the interaction between the methylene protons of the ethyl 
group and the ortho protons of the iV-phenyl ring could be removed by inserting a 
carbon atom between the nitrogen atom and the phenyl ring. This would allow 
formation of an enamine complex in which the coordinated diene could adopt the E,Z 
configuration. Complex 198 derived from 2-ethyl-1-benzy 1-4-phenyl-1-azabuta-1,3- 
diene 199 wassynthesisedfor this purpose.
198
Accordingly, 1-oxa-1,3-diene 185 and benzylamine were stirred together in 
dichloromethane in the presence of titanium tetrachloride and triethylamine to afford 
imine 199. The conversion was approximately 60 %  and the crude mixture was 
complexed with diiron nonacarbonyl without further purification. After a standard 
work up, chromatography and crystallisation, complex 198 was obtained as red 
crystals identified on the basis of their 'H and 13C  N M R ,  IR, and microanalytical data. 
The 'H N M R  spectrum contained a triplet at 1.47 p p m  (J 7.5 Hz) assigned to the 
methyl group, a multiplet between 2.67 and 2.94 p p m  assigned to the methylene 
protons of the ethyl group, a doublet at 2.93 p p m  (J 8.8 Hz) assigned to the proton at 
C4, a pair of doublets at 3.40 and 4.07 p p m  (J 15.4 Hz) due to the diastereotopic 
benzyl protons and a doublet at 5.46 p p m  (J 8.6 Hz) due to the proton at C3. The 13C  
N M R  spectrum of complex 198 contained signals at 12.46, 21.64, 57.81, 58.87 and 
67.90 p p m  which were assigned to the methyl, methylene and benzyl carbons, C 4  and
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C 3  respectively. The IR spectrum showed carbonyl stretching bands at 2 050, 1 987 
and 1 963 cm'1.
185
P h  T J H 2
■nci4/Et3N, *  P h  D , 9 9  ^  N " ~ Y > h
DCM, 0 °C, 0.5 h.
rt, 15 h. ~ 60%
E,E:E,Z2A
Fe2(CO)9,
Toluene,
40 C, 3 h.
198
1 8 %
Complex 198 was treated with lithium diethylamide under standard conditions to give 
a yellow oil identified as E,E 200a on the basis of its !H  N M R  spectrum which 
contained a doublet at 1.32 p p m  (J 7.2 Hz) assigned to the methyl group, a double 
quartet at 2.84 p p m  (J 1.9 and 7.2 Hz) assigned to H a, a doublet at 3.07 p p m  (J 8.4 
Hz) assigned to the proton at C4, a broad signal at 3.42 p p m  due to the proton at 
nitrogen, a multiplet between 4.13-4.31 p p m  assigned to the benzyl protons and a 
double doublet at 5.27 p p m  (J 1.8 and 8.4 Hz) which was assigned to the proton at C3. 
The chemical shift of the signal due to H a and the fact that it is split into a double 
quartet by the proton at C3, confirm the E,E geometry of the 1,3-diene ligand.
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Fe(CO)3
198
i) Et2N" - - - - - - - - - -
ii) MeOH 
THF, 0 °C, 3 h.
C H 3 
(CO)3Fe
2 0 0 a
2 6 %
The !H  N M R  spectrum of the E,Z complex 200b would be expected to contain a 
quartet at approximately 1.2 p p m 11 and this signal would not be split further by the 
signal due to the proton at C3. Similarly, the signal due to the proton at C 3  would be 
just a single doublet as opposed to a double doublet. These signals were not present 
and hence, there was no evidence for the presence of the E,Z complex 200b. A  
molecular model of complex 198 was constructed and indicated that rotation of the 
methyl group was still restricted.
H
Ph
(CO)3Fe 1 
2 0 0 b
In view of this observation (2-ethyl-1-(2-phenylethyl)-4-pheny 1-1-azabuta-1,3- 
diene)tricarbonyliron(O) 201 was synthesised in which a second carbon atom has been 
added between the nitrogen atom and the phenyl ring.
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Ph N — \  
F e (C O )/ — p *' 
201
1-Oxa-1,3-diene 185 and 2-phenylethylamine were reacted in toluene at r oom 
temperature over a period of 60 h to yield a brown gum.
compounds. The spectrum was very complex owing to the methylene protons and 
formation of the desired 2-ethyl-l-(2-phenylethyl)-4-phenyl-l-azabuta-1,3-diene 202 
could not be confirmed. However, the crude product mixture was dissolved in toluene 
and added to diiron nonacarbonyl in order to complex any 1-aza-1,3-diene 202 present 
in the reaction mixture. The resulting mixture was heated at 40 °C under an 
atmosphere of nitrogen for 3 h. A  standard work up followed by chromatography 
afforded a red g u m  identified as complex 201 on the basis of its spectroscopic and
P h ' + X ' Q
185
Toluene, 
60 h, rt.
Fe2(CO)9, 
Toluene, 
40 °C, 3 h.
Fe(CO)3 
201
1 0 %
*H N M R  analysis of this g u m  showed that the product mixture consisted of several
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analytical data. The *H N M R  spectrum of complex 201 contained a triplet at 1.43 
p p m  (J 7.5 Hz) due to the methyl group and a multiplet between 2.33 and 3.03 p p m  
which consisted of the signals due to the six methylene protons and the proton at C4. 
The proton at C3 was evident as a doublet at 5.45 p p m  (J 8.8 Hz). The 13C  N M R  
spectrum contained signals at 12.43, 21.48, 38.51 and 56.04 p p m  which were assigned 
to the methyl carbon, the methylene carbon of the ethyl fragment and the methylene 
carbons of the 2-phenylethyl fragment respectively. T w o  other signals at 59.14 and 
67.55 p p m  were assigned to C 4  and C3. The IR spectrum contained carbonyl signals 
at 2 049, 1 986 and 1 968 cm'1. Treatment of complex 201 with
lithium diethylamide followed by a standard work up and chromatography led to a 
brown g u m  shown by lH N M R  spectroscopy to contain the starting complex 201 and 
two product complexes in an approximate 1:1 ratio. These complexes were later 
identified as E,E and E,Z (1 -methy l-2-A+(2-pheny lethy l)amino-4-pheny lbuta-1,3- 
diene)tricarbonyliron(O) 203a and 203b on the basis of !H, 13C  and D E P T  spectra. 
The high field end of the *H N M R  spectrum of the product mixture was very complex
■*. E,E  203a
201
ii) MeOH 
THF, 0 °C, 3 h.
(CO)3FeHP
E,Z 203b
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and did not provide any useful information. In the region between 5.00 and 5.50 p p m  
there were three signals. A  doublet at 5.45 p p m  (J8.8 Hz) was assigned to the proton 
at C 3  in complex 201. A  double doublet at 5.21 p p m  (J 1.9 and 8.4 Hz) was assigned 
to the proton at C3 in complex 203a. The third signal was a doublet at 5.09 p p m  (J 
8.1 Hz) and was tentatively assigned to the proton at C3 in complex 203b. 13C  and 
D E P T  N M R  experiments confirmed the presence of all three complexes. The 13C  
N M R  spectrum of the product mixture contained m a n y  signals in addition to those 
due to complex 201. Signals at 29.92, 35.50, 35.57 and 45.23 p p m  were assigned to 
the methylene carbons of complexes 203a and 203b. Signals at 43.18 and 45.51 p p m  
were assigned to Cl in complexes 203a and 203b, signals at 51.22 and 53.00 p p m  
were assigned to C 4  and signals at 58.89 and 65.68 p p m  were assigned to C3. Thus it 
is apparent that the restricted rotation of the bond between C 2  and the methylene 
carbon in the ethyl fragment is partially removed by placing two carbon atoms 
between the nitrogen atom and the A-phenyl ring of complex 183.
3.1. Conclusions
Reaction of (2-ethyl-1-azabuta-l,3-diene)tricarbonyliron(O) complexes with lithium 
amides results in rearrangement to (l-methyl-2-aminobuta-1,3-diene)
tricarbonyliron(O) complexes. W h e n  the 1-aza-1,3-diene is W p h en y l  or TV-benzyl 
substituted the diene ligand adopts only E,E configuration in the 2-amino complexes 
owing to interaction between the methylene protons of the ethyl group and the ortho 
protons of the JV-phenyl, or iV-benzyl fragment of the 1-aza-1,3-diene complexes. 
However, it has been shown that upon crystallisation the complex isomerises and only
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the complex bearing a coordinated diene ligand in the E,Z configuration was 
crystalline.
The steric interaction in the diene was removed by adding 2 carbon atoms between the 
nitrogen atom and the iV-phenyl ring in the 1-aza-1,3-diene complex leading to the 
formation of a 1:1 mixture of the E,E and E,Z 2-amino complexes upon reaction with 
the lithium amide.
CHAPTER 4
4.0. R e a c t i o n  of O t h e r  (l-Hetero-l,3-diene)tricarbonyliron(0) 
C o m p l e x e s  w i t h  L i t h i u m  A m i d e s
diene)tricarbonyliron(O) Complexes
Complexes such as (1,4-diphenyl-1-azabuta-l,3-diene)tricarbonyliron(O) 5 do 
not contain an alkyl substituent at C 2  and therefore are unlikely to be 
deprotonated by lithium amides. Consequently, these complexes should not be 
able to rearrange into (2-aminobuta-l,3-diene)tricarbonyliron(0) complexes 
upon treatment with lithium amides. It was of interest therefore to determine 
h o w  these complexes react with lithium amides. Initially, the reaction of (1,4- 
diphenyl-1-azabuta-1,3-diene)tricarbonyliron(O) 5 with lithium benzylamide 
was studied.
1,4-Diphenyl-1-azabuta-1,3-diene 69 was prepared by condensation of 4- 
phenyl-l-oxabuta-1,3-diene 67 with aniline according to a literature 
procedure39. Aniline was added to a stirred solution of 4-phenyl-l-oxabuta-l,3- 
diene 67 in diethyl ether at 0 °C. The product precipitated as a yellow solid and
4.1. Reaction of Lithium Amides with (4-Phenyl-l-aza-l,3-
N - P h
Fe(CO)3
B
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was isolated by filtration. This solid was recrystallised from ethanol to yield 
yellow crystals identified as 69 by comparison of their spectroscopic and 
analytical data with literature values39.
P h X Y g  P h N H 2  0 ►  P h - X ^ N T P h
67 Et20 , 0 C. 69
A  mixture of 1-aza-1,3-diene 69 and diiron nonacarbonyl was stirred in toluene 
at 40 °C for 3 h under an atmosphere of nitrogen. The resulting red solution 
was filtered and the solvent was removed to afford a red gum. This g u m  was 
chromatographed on silica gel to yield red crystals identified as complex 5 by 
comparison of their spectroscopic and analytical data with literature values60.
^  ^Ph Fe2(CO)9 / /  \
Ph X / V  ------ ► P h —  N — Ph
co Toluene,
69 40 °C, 3 h, N2. Fe(CO)3
5
«-Butyllithium was added to a stirred solution of benzylamine in T H F  at 0 °C. 
After 0.25 h a solution of complex 5 in T H F  was added and the resulting 
mixture was stirred for 3 h under an atmosphere of nitrogen. The reaction was 
quenched with methanol and allowed to w a r m  to r oom temperature. The 
resulting mixture was filtered through alumina and the solvent was removed 
under reduced pressure to give a brown gum. *H N M R  analysis of this g u m  
showed that it consisted of the uncomplexed 1-aza-1,3-diene 69 and a second 
compound which was identified as benzylformamide 204 by comparison with 
the !H  N M R  spectrum of an authentic sample. A  doublet at 4.48 p p m  was
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assigned to the benzyl protons, a broad signal at 6.0 p p m  was assigned to the 
N H  proton and a signal at 8.25 p p m  was assigned to the aldehyde proton.
Authentic benzylformamide 204 was prepared according to an established 
procedure75. Benzylamine was dissolved in ethyl formate and the mixture was 
stirred at 40 °C for 15 h. Removal of the solvent under reduced pressure 
afforded white crystals of benzylformamide which were recrystallised from 
diethyl ether.
It was envisaged that the first stage of the reaction between lithium benzylamide
iron amide anionic intermediate 205. W h e n  the reaction is quenched with a 
proton source, protonation is thought to occur, initially, at the iron atom to give 
206. Reductive elimination and decomplexation yield benzylformamide 204 
and the uncomplexed 1-aza-1,3-diene 69.
O
i) PhCH2NH~ ^
H 204
ii) MeOH 
THF, 0 °C, 3 h.
+
69
O
40 °C, 15 h. H
204
and complex 5 was attack by the lithium amide at a carbonyl ligand to give the
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Ph _ / A _ Ph PhCH2NH' Ph Ph
©
Fe(CO)3 THF, 0 °C. 
5
H
PhC H2N . P
T
2 0 4+
P h ^ y / ^ N
69
P h
(CO)2Fe N H C H 2Ph
H
Ph
/ / A
— "  N —Ph
(CO)2Fe N H C H 2Ph
/ TH  o
206
These results are not entirely unexpected since it is k n o w n  that organolithium 
reagents react with iron pentacarbonyl to give aldehydes after addition of a
proton source76.
i) Fe(CO)5
-60 °C  
ii) H+
CHO
Me
208
Similarly, reaction of iron pentacarbonyl with pyrrolidine 209 followed by a 
proton source leads to A+formylpyrrolidine 200 thought to proceed via a 
mechanism similar to that proposed above77,78.
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NH Fe(CO)5
209
O
M e
2 H  F e <CO)4
H1
O
H
Reductive
elimination
210
Fe(CO)4 
212 H
In order to understand more about the reaction between complex 5 and lithium 
benzylamide, the course of the reaction was studied by IR spectroscopy. It was 
hoped that such a study would allow iron amide intermediate 205 to be 
observed and so show that the initial nucleophilic attack occurs at a coordinated 
carbonyl ligand. A  solution of complex 5 in T H F  exhibits typical, strong 
carbonyl signals at 2 055 and 1 991 c m -1 with the latter being comparatively 
broad. Complex 5 was added as a solution in T H F  to a solution of the anion in 
T H F  at 0 °C and a sample was removed immediately for analysis by IR 
spectroscopy. The spectrum shows the presence of the starting complex 5 and 
additional signals at 1 967, 1 902, 1 860 and 1 590 cm'1 (Figure 4.1a). Further 
IR spectra were recorded at 0.25 h intervals for 2 h. In the sample taken after 
0.25 h  it is evident that the starting complex 5 has completely disappeared and 
the bands at 1 967 and 1 902 cm'1 have a m u c h  lower intensity compared to 
those at 1 860 and 1 590 cm'1 (Figure 4.1b). After 0.5 h  there is a very strong 
signal at 1 860 cm'1 which is assigned to the two carbonyl ligands and a strong 
signal at 1 590 cm'1 (Figure 4.1c) which is assigned to the iron amide carbonyl
group in 205 and is in good agreement with literature values for related 
compounds77,78. The absence of the other carbonyl bands at 2 055, 1 991, 1 967 
and 1 902 cm"1 indicates that the formation of intermediate 205 is complete and 
no changes are observed in the subsequent spectra.
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Wavenumber (cm-1)
Figure 4.1 IR spectra of the reaction between complex 5 and lithium
benzylamide in THF ;  a) sample taken immediately, b) after 0.25 h, 
c) after 0.5 h and d) after 2 h.
The signals at 1 967 and 1 902 cm"1 in the earlier spectra m a y  be due to 
intermediate 213 in which the lithium amide has displaced the 1-aza-1,3-diene 
ligand. It is well k n o w n  that amines displace 1,3-diene ligands from metal 
carbonyl compounds77.
Chapter 4: Reaction of Other (1 -Hetero-l,3~diene)tricarbonyliron (0)
______________Complexes with Lithium Amides_______________________________________103
©
(CO)3Fe— NH C H 2Ph
2 13
These results are consistent with earlier reports of iron amides in the literature 
77,78. A  shift of the carbonyl stretching frequency to a value approximately 100 
cm'1 lower than in the starting complex is typical and indicates that the negative 
charge is centred at the iron carbonyl moiety77,78. The shift of these signals to
lower frequency is a result of an increase in the population of the n co orbital.
It is of note that, in this case, the lithium amide behaves as a nucleophile by 
adding to a carbonyl ligand whereas, w h e n  the the starting complex is 2-alkyl 
substituted the lithium amide acts as a base and the reaction results in 
deprotonation.
The scope of the reaction between complex 5 and lithium amides was studied 
further by treating complex 5 with lithium amides derived from primary and 
secondary amines under the same conditions. In each case the !H  N M R  
spectrum of the product mixture indicated the presence of 1-aza-1,3-diene 69 
and the corresponding formamide 214,215 or 216.
Fe(CO)3
5
N — Ph ii) M e O H  
THF, 0 °C, 3 h.
6 9
+ o
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F o r m a m i d e
No.R R ’
P h C H 2 H 204
( C H 3)2C H H 214
c 2h 5 C 2H 5 215
P h C H 2 P h C H 2 216
Table 4.1. Reaction of complex 5 with RR'Nfi
It has become apparent that the reaction of complex 5 with both mono- and 
diallcyl lithium amides is general and provides a n e w  route for the synthesis of 
formamides.
4.2. Reaction of (l-Oxa-l,3-diene)tricarbonyliron(0) Complexes with 
Lithium Amides
It was of interest to examine the reaction of (2-methyl-4-phenyl-l-oxabuta-l,3- 
diene)tricarbonyliron(O) 91 with lithium amides in order to discover if this 
would lead to the formation of enol complex 217.
OH
Fe(CO)3 
217
(Enol)tricarbonyliron(O) complexes 218 and 219 have previously been 
synthesised by complexation of the appropriate buta-1,3-diene enol acetate 220
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or 221 with diiron nonacarbonyl in benzene followed by reaction with 
methyllithium and acidification80,81.
OAc OH
OAc Fe(CO)3 Fe(CO)3
>20 222  218
Fe2(CO)9 ) i) M eL i)
^■6^6 ii) H+
Y X Y q a c  — OAc A j A — QH
221 Fe(CO)3 Fe(CO)3
223 219
Accordingly, 2-methyl-4-phenyl-l-oxabuta-1,3-diene 130 was stirred with 
diiron nonacarbonyl in toluene at 40 °C for 3 h under an atmosphere of 
nitrogen. Filtration, removal of the solvent and chromatography yielded red 
crystals identified as complex 91 by comparison of their spectroscopic and 
analytical data with literature values48.
pl,riX° ™K’' "
40 °C, 3 h, N2. Fe(CO)3
91
Complex 91 was treated with a solution of lithium benzylamide in T H F  at 0 °C 
under an atmosphere of nitrogen for 3 h and the reaction was quenched with a 
proton source. After a standard work up the product mixture was analysed by 
!H  N M R  spectroscopy. The spectrum revealed the presence of the
Chapter 4: Reaction of Other (l-Hetero-l,3-diene)tricarbonyliron(0)
______________Complexes with Lithium Amides_______________________________________106
uncomplexed ketone 130 and formamide 204; there was no evidence for the 
formation of enol complex 217.
Ph _ / ■ \N
Fe(CO)3
91
i) PhCH2NH'
ii) MeOH 
THF, 0 °C, 3 h.
130
Ph N
H
204
O
A H
In order to determine whether or not deprotonation occured, complex 81 was 
reacted with lithium diethylamide and the reaction was quenched with 
deuterated methanol. The !H  N M R  spectrum of the product mixture indicated 
only uncomplexed 1- oxa-1,3-diene with the signal due to the methyl group at
Ph
EfiN'
Fe(CO)3
91
Ph _ /
©
Fe(CO)3
224
Ph
V
Fe(CO)3
227
.D
2 2 6
D
P h— "  / O
0Fe(CO)3
228
©
2 2 5
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2.39 p p m  being greatly reduced. Thus it appeared that the methyl group had 
been deuterated and this was confirmed by a signal at 2.43 p p m  in the 2H  N M R  
spectrum. F r o m  these observations it is apparent that deprotonation occurs to 
yield intermediate 224. This intermediate is either not stable and collapses to 
give anion 225, or leads to oxaallyl intermediate 228 which is not stable and 
could also collapse to give anion 225. In either case,' deuteration of anion 225 
affords uncomplexed 2-(<7-methy l)-4-phenyl-1 -oxabuta-1,3-diene 226. 
Deuteration of anionic intermediate 224 should lead to complex 227 which is 
not observed in the product mixture. It seemed likely therefore, that after the 
initial deprotonation, decomplexation occurred to give anion 225, either directly 
from intermediate 224 or via oxaallyl intermediate 228, which in turn gave the 
deuterated 1-oxa-1,3-diene 226 upon deuteration.
A  further attempt to synthesise an enol complex was m a d e  using (2-ethyl-4- 
pheny 1-1-oxabuta-1,3-diene)tricarbonyliron(O) 192 which was synthesised as 
described in Chapter 3.
+ 2 =  y " °
100 40 °C, 3 h, N2. Fe(CO)3
192
Complex 192 was treated with lithium diethylamide in T H F  at 0 °C under an 
atmosphere of nitrogen for 3 h and the reaction was quenched with a deuteron 
source. After a standard work up a yellow oil was obtained and identified as 
deuterated 1-oxa-1,3-diene 229 on the basis of its *H and 2H  N M R  spectra. The 
’H  N M R  spectrum contained a singlet at 1.16 p p m  due to the methyl group and
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a small multiplet at 2.70 p p m  due to the methylene protons. The 2H  N M R  
spectrum contained only one signal at 2.65 p p m  which confirmed incorporation 
of deuterium at the methylene position in 229.
O n  the basis of these results it is evident that (2-hydroxybuta-l,3- 
diene)tricarbonyliron(O) complexes cannot be prepared from (l-oxa-1,3- 
diene)tricarbonyliron(O) complexes under the conditions employed.
4.3. Conclusions
bases was found to be a n e w  w a y  of synthesising formamides derived from the 
lithium amide. The reaction was shown to proceed via an anionic iron acyl 
complex which resulted from initial attack of the amide at a carbonyl ligand. 
Similarly, treatment of a 2-methyl substituted 1-oxa-1,3-diene complex with 
primary lithium amides gave rise to the corresponding formamides. However, 
it was not possible to synthesise 2-hydroxy substituted complexes using this 
methodology. Deuteration studies indicated that the complex deprotonates 
upon addition of the base but the resulting anion is unstable. The anion 
collapses and leads to formation of deuterated 1-oxa-1,3-dienes upon addition 
of a deuteron source.
ii) CD 3OD
Fe(CO)3 THF, 0 °C, 3 h. 229
192
Treatment of 1-aza-1,3-diene complexes bearing an H  at C 2  with lithium amide
CHAPTER 5
5.0. Hydride Reduction off Tricarbonyliron(0) Complexes off 
Steroids
5.1. Introduction
The work in this chapter is concerned with the reduction of tricarbonyliron(O) 
complexes of steroid systems containing either a homo-l,3-diene, or a 1-hetero-
1,3-diene. This work is intended to extend the utility of previous hydride and 
deuteride additions to tricarbonyliron(O) complexes of homo-l,3-dienes and 1-
TO A 9hetero-l,3-dienes ’ . T w o  steroids were chosen, ergosterol 230 which 
contains a homo-l,3-diene system, and 16-dehydropregnenylone acetate 231 
which possesses a l-hetero-l,3-diene system.
Previous selective reductions of ergosterol 230 have been achieved using 
electrophilic attack at the 22,23-double bond and catalytic hydrogenation 
procedures36,82,83. Selective reduction of the 22,23-double bond was achieved by
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protecting the 1,3-diene system as its 4-phenyl-1,2,4-triazoline-3,5-dione 
derivative 232 followed by a long series of chemical transformations36, or by 
complexation with the tricarbonyliron(O) moiety and subsequent 
hydrogenation36.
86  %
In two other instances the 1,3-diene system was partly reduced by catalytic 
hydrogenation over Raney nickel82,83 or alternatively, over 
/ra(triphenylphosphine) rhodium chloride84 to produce 5oc-ergosta-7,22-dien- 
3p-ol 233.
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233
H 2 82 %
Rh(PPh3)3CI2
Benzene
H
233
6 8 %
In a previous hydride reduction of ergosterol 230, addition of D I B A L  in toluene 
also led to formation of 5a-ergosta-7,22-dien-3p-ol 23385.
DIBAL (4 eq)
230
Toluene, 
reflux, 28 h, 
argon.
The complete reduction of the 1,3-diene system, however, appeared to be a 
more difficult synthetic challenge and so the aim was to develop a procedure 
based on iron carbonyl chemistry previously reported30,62.
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5.2. Reduction of (Ergosteryl acetate)tricarbonyliron(O) 61
In order to study the hydride transfer reduction of (ergosteryl 
acetate)tricarbonyliron(O) 61 it is first necessary to prepare ergosteryl acetate 
234 from ergosterol 230. It should be noted that attempts to produce the 
tricarbonyliron(O) complex of ergosterol 230 directly by reaction with an iron 
carbonyl86, give very poor yields of the complex because the hydroxyl function 
interferes with ^--complex formation, probably yielding iron ergosteroxide87. 
This m a y  be circumvented by synthesising the acetate 234 and then transferring 
the tricarbonyliron(O) moiety to the steroid from (2-methyl-4-phenyl-l-oxabuta-
l,3-diene)tricarbonyliron(0) 91. In accordance with a literature procedure88 
ergosterol 230 was dissolved in acetic anhydride and heated at reflux 
temperature for 90 min. O n  cooling a solid formed which was removed by 
filtration, washed with glacial acetic acid and then methanol to afford pale 
yellow crystals which were recrystallised from hexane. These crystals were 
identified as 234 by comparison of their ]H  N M R  spectrum with literature 
values89.
4 2 %
The synthesis of (ergosteryl acetate)tricarbonyliron(O) 61 was first described 
some years ago87. Reaction of ergosteryl acetate 234 with triiron 
dodecacarbonyl in refluxing benzene led to the formation of complex 61 in poor 
yield.
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Fe3(CO)12
234
Benzene, 
reflux, 18 h, N2. 61 Fe(CO)3
1 6 %
A  later report describes a more efficient synthesis in which the 
tricarbonyliron(O) moiety is transferred from (2-methyl-4-phenyl-l-oxabuta-
l,3-diene)tricarbonyliron(0) 91 in refluxing toluene to afford the required 
complex 61 in good yield19.
234
Ph — $  I D
Fe(CO)3
91
Toluene, 
reflux, 6 h. 61 Fe(CO)3
71 %
In accordance with this procedure, acetate 234 and complex 91 were dissolved 
in toluene and heated at reflux temperature for 6 h under an atmosphere of 
nitrogen. The resulting dark solution was filtered through a plug of deactivated 
neutral alumina to remove solid residues and the solvent was removed under 
reduced pressure to afford a yellow oil. This oil was dissolved in methanol to 
precipitate unreacted 234 which was removed by filtration. The filtrate was 
cooled to -20 °C to afford (ergosteryl acetate)tricarbonyliron(O) 61 as yellow 
crystals in 11 %  yield whose !H  N M R  and IR data were in good agreement with 
literature values19,89. In view of the low yield, the synthetic procedure was
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modified to include triirondodecacarbonyl in the reaction mixture. Ergosteryl 
acetate 234 and equimolar amounts of triiron dodecacarbonyl and complex 91 
were heated at 110 °C in toluene under an atmosphere of nitrogen for 24 h. The 
resulting brown mixture was filtered through a plug of alumina and the solvent 
was removed under reduced pressure to afford a yellow oil. Complex 61 was 
then isolated as before as yellow crystals in 42 %  yield. The lH  N M R  spectrum 
of these crystals was consistent with values presented in the literature89. The 
acetate methyl signal was evident as a singlet at 2.02 ppm. A  multiplet at 4.68 
p p m  was assigned to the 3 a  proton, while the protons at C 6  and C 7  appeared as 
doublets at 5.22 p p m  and 4.88 p p m  (J 4.1 Hz) respectively. This upfield shift 
of these signals from
g*l F ® ( C O ) 3
4 2 %
5.56 and 5.38 p p m  in 234 reflects an increase in the shielding of these protons 
owing to their proximity to the shielding cones of the carbonyl ligands89. It is 
acknowledged that the tricarbonyliron(O) moiety resides on the a-face of the 
steroid because the p-face bears the methyl groups. The presence of triiron 
dodecacarbonyl in the reaction mixture is thought to improve the yield of 
complex 61 by regenerating the transfer reagent 91 as the tricarbonyliron(O)
Fe(CO)3
91
Fe3(CO)12i
Toluene,
110 °C, 24 h, N2.
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group is transferred to the steroid. This, effectively, creates an excess of the 
transfer agent.
The reaction of (ergosteryl acetate)tricarbonyliron(O) 61 with lithium 
aluminium hydride was studied next. A  solution of complex 61 in diethyl ether 
was added to a suspension of lithium aluminiumhydride in ether at 0 °C and the 
resulting mixture was stirred for 3 h under an atmosphere of nitrogen. The 
reaction was quenched with methanol as a proton source and allowed to w a r m  
to room temperature. The resulting mixture was filtered through alumina to 
remove the solid residues and the solvent was removed under reduced pressure 
yielding a yellow solid identified as (ergosterol)tricarbonyliron(O) 235 on the 
basis of its spectroscopic data86. !H  N M R  spectrum of complex 235 contained 
doublets at 4.90 and 5.22 p p m  (J 4.1 Hz) assigned to the protons at C 7  and C6, 
a multiplet at 3.71 p p m  was assigned to the 3 a  proton. The absence of the 
acetate methyl signal at 2.02 p p m  and the position of the signal due to the 3 a  
proton indicate that the acetate function is no longer present.
The position of the signals due to the protons at C 6  and C 7  confirm that the 
tricarbonyliron(O) moiety is still coordinated. The IR spectrum of complex 235 
contained carbonyl signals at 2 033, 1 964 and 1 928 cm'1. This methodology 
provides a n e w  route to complex 235 and is only the second report of its 
synthesis. However, the 1,3-diene system in 61 remained intact and so it was
ii) M e O H  
Et20 , 0  °C.
lFe(CO)3
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decided to use more forcing reaction conditions to effect its reduction. 
Accordingly, a solution of complex 61 in diethyl ether was treated with a 
suspension of 10 equivalents of lithium aluminiumliydride in ether. The 
mixture was then heated under reflux conditions for 3 h, cooled to r oo m  
temperature and quenched with methanol. Filtration through alumina and 
removal of the solvent yielded a white solid which was identified as 5a-ergosta- 
7,22-dien-3[3-ol 233 on the basis of its *H and 13C  N M R  spectra90,91.
6 5 %
The olefinic signals due to the protons at C 6  and C 7  expected between 4.8 and 
5.4 p p m  in the N M R  spectra of 234 and 61 were not observed and the only 
visible signal in that region was the multiplet due to the protons at C 2 2  and C23 
at 5.28 ppm. The 13C  N M R  spectrum, however, showed the presence of three 
protonated olefinic carbon atoms at 117.44, 131.86 and 135.65 p p m  and a 
fourth, quarternary olefinic carbon atom at 140 ppm. These signals were 
assigned to C7, C22, C23 and C 8  respectively and are in good agreement with 
literature data91. A  'H/^C heteronuclear correlation experiment revealed that 
the signal due to the proton at C 7  is obscured by the signal from the other two 
olefinic protons. The position of the 19-methyl signal in the 13C  N M R  spectrum 
of 233 allows the geometry of the A / B  ring junction to be determined since Cl 9
Chapter 5: Hydride Addition to Tricarbonyliron(O) Complexes of
 ___________ Steroids 117
signals in 5p-steroids 236a appeal' at a lower field than in 5a-steroids 236b by 
approximately 12 p p m 92'94. This difference is due to a 1,3-diaxial interaction 
between the C 1 9  methyl group and the protons at C 2  and C 4  which causes a 
marked shielding of the methyl group in 5 a  steroids 236b.
trans c/s
236a 236b
The C l 9 signal in the l3C  N M R  spectrum of 233 appears at 13.02 p p m  which is 
in the region expected for a 5a-steroid having the trans-A / B  ring junction92,93. 
The geometry of this ring junction provides evidence for the reaction 
mechanism. Previously it was established with simple 1,3-diene complexes that 
the first step of the reaction was attack by the hydride ion at a carbonyl ligand 
followed by transfer of the hydride to a terminal olefinic carbon atom31. If this 
argument is applied here, the hydride ion would be transferred from the 
tricarbonyliron moiety in anionic complex 237a, which resides on the a-face of 
the steroid, to the a-face of the steroid giving rise to intermediate 237b in which 
the A / B  junction is trans.
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✓ s H'-transfer 
--------------------- ►
* **✓ V ✓ \
L / / F ! ( c o )2
T
L  O 237a —
A = 0
Fe(CO)3
237b
Thus, on the basis that the A / B  ring junction is trans, it seems likely that the 
mechanism described above is in operation in this case.
A  small amount of ergosterol was evident in the product mixture. Further 
treatment with lithium aluminiumhydride did not affect the product ratios 
confirming that the reduction is mediated by the metal centre.
A s  part of a study directed at developing a stereo- and regioselective tritiation of 
ergosterol 230, complex 61 was treated with lithium aluminiumdeuteride in 
refluxing ether under an atmosphere of nitrogen for 3 h  followed by protic 
quench.
After a standard work up and filtration a white solid was isolated. !H  and 2H  
N M R  spectroscopy of this solid identified the major component as deuterated 
analogue 238. The !H  N M R  spectrum of the product mixture contained a 
multiplet at 5.28 p p m  due to the protons at C7, C 2 2  and C23. The signal 
expected at 5.22 p p m  for the proton at C 6  in complex 235 was absent and
Chapter 5: Hydride Addition to Tricarbonyliron(0) Complexes of
 ________ Steroids      119
confirms that reduction of the 5,6 double bond has taken place. Examination of 
the 2H  N M R  spectrum of the product mixture shows three deuterium sites, one 
major and two minor. This observation is explained by formation of a small 
amount of the saturated system 239. The major site at 1.39 p p m  was due to 5a- 
D  in 238. The two minor sites at 0.90 and 1.62 p p m  m a y  be due to deuterons at 
C5, C 6  and C 7  the trideuetro analogue 239.
2 39
It was apparent from this work that it was not possible to effect a complete 
reduction of the coordinated 1,3-diene in complex 61 under the reaction 
conditions employed. This m a y  be due to steric factors associated with 
reduction of the C7-C8 double bond since in the examples given at the 
beginning of this chapter, reduction always occurs preferentially at the C5-C6 
double bond82'85.
5.3. Reduction of (16-Dehydropregnenylone Acetate)tricarbonyliron(O) 92 
In contrast to (ergosteryl acetate)tricarbonyliron(O) 61, (16-
dehydropregnenylone acetate)tricarbonyliron(O) 92 can be prepared directly by 
reacting 231 with diiron nonacarbonyl15. A  mixture of steroid 231 and diiron 
nonacarbonyl was stirred in toluene for 3 h at 40 °C under an atmosphere of 
nitrogen. The solvent was removed under reduced pressure to yield a dark red
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oil identified as (16-dehydropregnenylone acetate)tricarbonyliron(O) 92 on the 
basis of its !H  N M R  and IR data. The *H N M R  spectrum of this oil exhibited a 
peak at 2.44 p p m  due to the 21-methyl group and the characteristic high-field 
signal at 2.62 p p m  due to the proton at C l 6. The IR spectrum showed carbonyl 
signals at 2 061, 2 000 and 1 969 cm'1.
Fe(CO)3
92
Complex 92 proved to be stable as a g u m  under nitrogen but not in solution and 
attempts to isolate 92 failed. Consequently, the crude mixture was reacted with 
lithium aluminiumhydride without further purification. Crude complex 92 was 
dissolved in dry diethyl ether, cooled to 0 °C and then added to a stirring 
suspension of lithium aluminiumhydride in ether at 0 °C. The reaction was 
stirred for 3 h at 0 °C under an atmosphere of nitrogen, allowed to w a r m  to 
room temperature and then quenched with methanol. The resulting mixture was 
filtered through alumina to remove solid residues and the solvent was removed 
under reduced pressure to afford the crude product mixture. The product 
mixture was shown to contain three products, the allylic alcohol 240a, the 
saturated ketone 240b and the saturated alcohol 240c in a 1:1:1 ratio by 
comparison of the *H N M R  spectrum of the product mixture with spectra of 
authentic samples and values given in the literature95"99.
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Fe(CO)3
i) UAIH4
92
ii) MeOH 
Et20 , 0 °C, 3 h.
.OH
240a
240b
.OH
240c
The 1,4-adduct, pregnenolone 240b, was shown to be present in the product 
mixture by comparison of the *H N M R  spectrum with that obtained from a 
commercial sample of 240b. A  singlet at 2.11 was assigned to the 21-methyl 
group, a multiplet at 2.52 p p m  was assigned to the proton at C l 7, a multiplet at 
5.34 p p m  was assigned to the proton at C 6  and a multiplet at 3.52 p p m  was 
assigned to the 3 a  proton.
A n  authentic sample of 240a was prepared by reduction of 231 with sodium 
borohydride. T o  a stirred suspension of sodium borohydride in methanol at 0 °C 
was added a solution of 231 in methanol and the reaction was stirred for 3 h  at 
0 °C. The reaction mixture was poured onto a saturated solution of brine and 
extracted with ether. The combined organic layers were dried over magnesium
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sulphate and the solvent was removed under reduced pressure to afford 240a as 
a white solid.
231
NaBhL
MeOH, 
0 °C, 3 h.
240a
The !H  N M R  spectrum of 240a contained a doublet at 1.34 p p m  due to the 21- 
methyl group, a multiplet at 4.38 p p m  due to the proton at C20, a doublet at 
5.33 p p m  due to the proton at C 6  and a broad signal at 5.66 p p m  due to the 
proton at C l 6.
Authentic 240c was prepared by reduction of 240b with sodium borohydride in 
methanol as described above for 240a. The alcohol 240c was obtained as a 
white solid whose *H N M R  spectrum contained two doublets at 1.14 and 1.21 
which were assigned to the 21-methyl groups of the 2 0R and 20S forms 
respectively95.
NaBH,
240b
MeOH, 
0 °C, 3 h.
240c
There was no indication of any diastereoselectivity. A  multiplet at 3.73 p p m  
was assigned to the proton at C 2 0  and a doublet at 5.35 p p m  was assigned to the 
proton at C6.
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O n  the basis of the results obtained from the reduction of complex 92, it m a y  be 
concluded that the allylic alcohol 240a is derived from uncomplexed 231 by
1,2-addition to the 1-hetero-1,3-diene. The 1,4-adduct 240b and the saturated 
alcohol 240c can only be derived from complex 92 since reduction of 231 with 
lithium aluminiumhydride does not give rise to either 240b or 240c.
y y — -"OH
i) LiAIH4
231
ii) MeOH 
EtjjO, 0 °C, 3 h. 240a
Only
Next, deuteration experiments were carried out in order to obtain some 
mechanistic information pertaining to the reduction of complex 92. A  solution 
of complex 92 in diethyl ether was stirred with lithium aluminiumdeuteride at 0 
°C for 3 h under an atmosphere of nitrogen. The reaction was quenched with 
methanol as a proton source and the resulting mixture was filtered to remove 
solid residues. Removal of the solvent under reduced pressure afforded the 
crude product mixture which was analysed by ’H  and 2H  N M R  spectroscopy.
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V °
 Fe(CO)3
92
i) LiAID4
ii) CH3OH 
Et20 , 0 °C, 3 h.
D\ | / 0 H
241a
D
/ L o n
241c
The !H  N M R  spectrum of the crude product mixture indicated the presence of 
241a, 241b and 241c. The allylic alcohol 241a was evident as a broad signal at 
1.36 p p m  due to the methyl group and a broad signal at 5.66 p p m  due to the 
proton at C l 6. The multiplet due to the proton at C 20  normally observed at 
4.38 p p m  was absent indicating incorporation of deuterium at C20. This was 
confirmed by a signal at 4.28 p p m  in the 2H  N M R  spectrum. The methyl group 
of the 1,4-adduct 241b was evident as a singlet at 2.11 ppm. A  triplet at 2.52 
p p m  was assigned to the proton at C l 7. The presence of the latter signal was an 
indication that the site of initial attack for this product was C l 6. Signals in the 
2H  N M R  spectrum at 1.56 and 2.07 p p m  were assigned to 16a-D and 16(3-D 
respectively by comparison with literature values for the proton spectrum98. 
The presence of saturated alcohol 241c was evident from signals at 1.14 and
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1.21 p p m  due to the 21-methyl groups of the 20R and 20S diastereoisomers. 
The signal at 3.73 p p m  due to the proton at C 20 in the !H  N M R  spectrum was 
absent. The 2H  N M R  spectrum contained peaks at 0.92 p p m  assigned to 16a-D,
1.56 p p m  assigned to 16P-D and 17-D, and 3.58 p p m  assigned to 20-D.
 Fe(CO)3
i) L i A H
92
ii) C D 3OD 
Et20 , 0 °C, 3 h.
242
\ y O H
240a
240c
A  solution of complex 92 in diethyl ether was also treated with lithium 
aluminiumhydride at 0 °C for 3 h and then quenched with deuterated methanol. 
After a standard work up the crude product mixture was analysed by ’H  and 2H  
N M R  spectroscopy. In the 'H N M R  spectrum of the crude mixture, the 1,4- 
adduct 242 was identified by the methyl signal at 2.11 ppm. The signal due to 
the proton at C 17  normally found at 2.52 p p m  was absent. The 2H  N M R  
spectrum contained only one signal at 2.52 p p m  which was assigned to 17-D 
and confirms C 16  as the site of initial attack in the 1,4-adduct. The absence of
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any other signals in the 2H  N M R  spectrum indicated that the site of quench in 
both the allylic and saturated alcohols was at oxygen. This labile deuteron 
readily exchanges under the work up conditions. The *H N M R  spectrum 
contained all the expected signals for alcohols 240a and 240c.
5.4. Conclusions
The coordinated 1,3-diene system of (ergosteryl acetate)tricarbonyliron(O) 61 
can be partially saturated by a straightforward metal mediated reduction with 
lithium aluminiumhydride to afford 5a-ergosta-7,22-dienol 221 in good yield. 
The geometry of the ring junction in 221 suggested that the reduction proceeded 
via hydride transfer from a formyl intermediate. However, it was not possible 
to fully saturate the 1,3-diene under the reaction conditions employed probably 
due to the steric constraints associated with reduction of the C7-C8 double 
bond. The use of lithium aluminiumdeuteride led to formation of the mono- 
deutero compound 238 and demonstrates that this methodology can, in 
principle, be used to introduce a radio-label at the 5a position.
Reduction of (16-dehydropregnenylone acetate)tricarbonyliron(O) 92 with 
lithium aluminiumhydride gave rise to a mixture of three products in equal 
amounts which were readily identified from the crude lH N M R  spectrum of the 
product mixture. This mixture was, in part, due to incomplete complexation of 
steroid 231. The reduction did not therefore s ho w  any particular 
regioselectivity. Deuteration studies indicate that the initial point of attack in 
the formation of ketone 242 is at Cl 6.
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The reduction of these complexes demonstrates that the metal mediated 
reduction of simple 1,3-dienes by hydride transfer can be extended to larger 
compounds of biological significance.
CHAPTER 6
6.0. H y d r i d e  A d d i t i o n  to (l-Hetero-l,3-diene)tricarbonyIiron(0) 
C o m p l e x e s
6.1. Introduction
Hydride m a y  be considered as being a nucleophilic form of hydrogen. The first 
reported treatment of a (l,3-diene)tricarbonyliron(0) complex with lithium 
aluminiumhydride appeared in 195818. This reaction was part of an 
investigation into the structure of (buta-l,3-diene)tricarbonyliron(0) 1. The 
authors noted that a small amount of buta-1,3-diene was evolved but no 
mention was m a d e  of any other products from this reaction. The reaction of 
hydride transfer reducing agents with (l,3-diene)tricarbonyliron(0) complexes 
has only recently become the subject of detailed investigation30,31,62. It has 
previously been noted that the reduction of (l-hetero-1,3- 
diene)tricarbonyliron(O) complexes with lithium aluminiumhydride results in 
reduction of the coordinated 1-hetero-1,3-diene to afford saturated amines and 
alcohols62. W h e n  sodium borohydride was employed as the reducing agent, 
only the starting material was recovered62.
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Ph
J f~  W i) LiAIH4
—77 N - P h  ;; >  P h ' ^ ^ ^ N H P h
r -  ii) MeOH,
Fe(CO)3 Et20 , 0 °C. 128
73
NaBH4, 
MeOH, 
0 °C .
Ph
\
N - P h  
Fe(CO)3 
73
Reduction of the uncoordinated 1-hetero-1,3-diene with either lithium 
aluminiumhydride or sodium borohydride yields only allylic amines and 
alcohols.
P h / V + N - p | 1  L 1AIH 4 ^  P h ^ Y Y Y N H P h
7 4  or N a B H 4
Hence it was of interest to explore which other hydride transfer agents could be 
used to effect a reduction and to see what, if any, regioselectivity could be 
obtained through varying conditions such as reaction temperature, 
stoichiometry and reducing agent used. T o  this end a range of (1-hetero-1,3- 
diene)tricarbonyliron(O) complexes were reacted with 1, 2 or 5 molar ratios 
difrobutylaluminium-hydride (DIBAL), lithium triethylborohydride (LiEt3B H )  
and lithium tri(5,-butyl)borohydride (Li B U 3BH). jn  general the reactions
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gave rise to a mixture of products which were identified by comparison of their 
‘H  N M R  data with authentic samples.
Ph _ /
R
X
Fe(CO)3
R= H, Me, Bu 
X= O, NR*
R'= Ph,
i) H"
ii) MeOH
Toluene, 0 °C, 3 h.
OMe
o
1,2-Addition
Ph ^  ^ X
1,4-Addition
Ph XH
Full saturation
6.2. Synthesis of Authentic Samples
4-Phenyl-1-oxabut-l-ene 243b and 2-methyl-4-phenyl-l-oxabut-l-ene 244b 
were obtained commercially.
243b 244b
The remaining reduction products were prepared by alternative routes wherever 
possible. In this section the synthesis of these reduction products is outlined
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and characteristic ’H  N M R  data is given. M or e  precise experimental details and 
spectroscopic data is given in the Experimental section from page 234 onwards.
6.2.1. Synthesis of 3-Phenylprop-2-en-l-ols
Authentic samples of 243a, 244a and 245a were prepared by treating a solution 
of the appropriate 1-oxabuta-1,3-diene in toluene with D I B A L  at 0 °C for 3 h. 
Filtration and removal of the solvent under reduced pressure yielded colourless 
oils which were identified as 243a, 244a or 245a on the basis of their *H N M R  
spectra.
i) DIBAL
ii) MeOH
Toluene,
fi7* R -  14 0 C, 3 h.67. R - H  243a: R = H
130: R= Me 244a: R= Me
246: R= fBu 245a: R= fBu
The ’H  N M R  spectrum of 243a contained a multiplet at 4.33 p p m  due to the 
proton at Cl, a double triplet at 6.35 p p m  (J 5.7 and 15.8 Hz) and a doublet at 
6.60 p p m  (J 15.8 Hz) due to the protons at C 2  and C 3  respectively. The 'H 
N M R  spectrum of 244a contained a doublet at 1.35 p p m  (J 6.4 Hz) assigned to 
the methyl group and a multiplet at 4.46 p p m  assigned to the proton at Cl. A  
double doublet at 6.24 p p m  (J 6.4 and 15.9 Hz) was assigned to the proton at 
C 2  and a doublet at 6.54 p p m  (J 15.9 Hz) was assigned to the proton at C3. The 
'H N M R  spectrum of 245a displayed proton shifts and splitting patterns similar 
to those for observed for 244a.
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6.2.2. Synthesis of 3-Phenylpropanols
Authentic 243c and 244c were synthesised by reduction of commercial samples 
of 4-phenyl- 1-oxabut-l-ene 243b and 2-methyl-4-phenyl-l-oxabut-l-ene 244b 
with D I B A L .  T o  a stirred solution of the ketone in toluene was added D I B A L  
as a solution in toluene and the mixture was stirred at 0 °C for 3 h. The 
reactions were quenched with methanol and allowed to w a r m  to r oo m  
temperature before being filtered through alumina. The solvent was removed 
under reduced pressure to afford 243c or 244c as colourless oils.
i) DIBAL
ii) MeOH 
Toluene,
243b: R= H 0 ° C ' 3 h’ 243c: R= H
244b: R= Me 244c: R= Me
The !H  N M R  spectrum of 243c contained a multiplet at 1.89 p p m  due to the 
protons at C2, a triplet at 2.70 p p m  (J 7.4 Hz) due to the protons at C 3  and a 
triplet at 3.67 p p m  ( J 63 Hz) due to the protons at Cl. The *H N M R  spectrum 
of 244c contained a doublet at 1.19 p p m  (J 6.2 Hz) assigned to the methyl 
group and multiplets at 1.74, 2.67 and 3.84 p p m  which were assigned to the 
protons at C2, C3 and Cl respectively.
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6.2.3. Synthesis of 3-PhenyIprop-2-enamiiies
3-Phenylprop-2-enamines 248a and 249a were synthesised by reducing 1,4- 
diphenyl-1-azabuta-1,3-diene 69 or l-(/?-methoxyphenyl)-4-phenyl-l-azabuta-
1,3-diene 247 with D I B A L  in toluene at 0 °C and quenching with methanol. 
After a standard work up procedure brown oils were obtained and identified as 
iV,3-diphenylprop-2-enamine 248a jV-(/?-methoxyphenyl)-3-phenylprop-2- 
enamine 249a on the basis of their *H N M R  spectra. The *H N M R  spectrum of 
amine 248a contained a multiplet at 3.94 p p m  from the protons at Cl and a 
double triplet 6.32 p p m  (J 5.7 and 15.9 Hz) from the proton at C2.
NR'
i) DIBAL
ii) MeOH 
Toluene,
69: R= H, R'= Ph 0 ° C , 3 h .  
247: R = H ,
248a: R= H, R ’= Ph 
249a: R= H,
R'= OMe R'= OMe
l-Methyl-A/3-diphenylprop-2-enamine 122 and 1 -methyl-iV-(/?- 
methoxyphenyl)-3-phenylprop-2-enamine 250a were synthesised independently 
by sodium borohydride reduction of the appropriate 1-azabuta-1,3-diene 74 or 
139. T o  a solution of 1-aza-1,3-diene in methanol was added a suspension of 
sodium borohydride in methanol and the mixture was stirred at 0 °C for 3 h. 
The resulting mixture was poured onto a saturated solution of brine and 
extracted with ether. The organic layers were dried over magnesium
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sulphate and the solvent was removed under reduced pressure to yield allyl 
amine 122 or 250a as brown oils. The !H  N M R  spectrum of 122 contained a 
doublet at 1.37 p p m  (J 6.6 Hz) due to the methyl group, a multiplet at 4.12 p p m  
due to the proton at Cl, a double doublet at 6.19 p p m  ( J 5.8 and 16.0 Hz) due to 
the proton at C 2  and a doublet at 6.56 p p m  (J 16.0 Hz) due to the proton at C3. 
In the 13C  N M R  spectrum of 122 signals at 22.02, 50.79, 129.21 and 133.13 
p p m  were assigned to the methyl carbon, Cl, C 3  and C 2  respectively. A  w eak 
N H  signal was observed at 3 410 cm'1 in the IR spectrum.
NaBH4
N R * — — ► PhMeOH 
0 °C, 3 h.
74: R= Me, R '= Ph 122: R= Me, R ’= Ph
139: R= Me, 250a: R= Me,
R'= j— OMe R'= +  — OMe
6.2.4. Synthesis of 4-Phenyl-l-azabut-l-enes
The method of preparation of 4-phenyl-1 -azabut-1 -enes was dependent on the 
substituent at C2. W h e n  the substituent was H, the reactions were carried out at 
low temperature since the 1-azabut-1-enes produced were very unstable and 
reacted rapidly on warming to r oo m  temperature.
243b Et20 , -78 °C.
248b: R= Ph
249b: R = — ( )— OMe
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1-Azabut-l-ene 248b was synthesised by adding a solution o f aniline in ether 
dropwise to a solution o f 4-phenyl- 1-oxabut-l-ene 243b in ether at -78 °C. 
After 3 h a white precipitate had formed which was collected by filtration. The 
'H N M R  spectrum o f this solid contained a characteristic triplet at 7.92 ppm 
due to the protons at C2. 1-Azabut-l-ene 249b was prepared in a similar 
fashion and precipitated as a grey solid which was isolated by filtration. The *H 
N M R o f 249b contained a multiplet at 2.75 ppm due to the protons at C3, a 
triplet at 3.00 ppm (J  8.2 Hz) due to the protons at C4 and a singlet at 3.80 ppm 
was assigned to the methoxy methyl group. The proton at C2 was manifested 
as a triplet at 7.90 ppm ( J 4.2 ppm).
When the substituent at C2 was methyl, the condesation reaction required more 
forcing conditions. 2-Methyl-1,4-diphenyl-l-azabut-l-ene 251 was synthesised 
by heating a solution o f ketone 244b and aniline in toluene under reflux 
conditions for 72 h in the presence o f magnesium sulphate. Filtration and
244b Toluene,
reflux, 
M gS 04, 72 h. I
R
251: R= Ph
removal o f the solvent yielded a brown oil shown to contain an approximate 2:1 
mixture o f E  and Z  251 on the basis o f its 'H N M R  spectrum which contained
methyl singlets at 1.8 and 2.1 ppm along with three triplets due to the 
methylene protons between 2.7 and 3.1 ppm. The most upfield triplet at 2.74 
ppm is the largest since one o f the methylene signals from the minor isomer lies 
underneath it. The other major triplet is at 2.86 ppm and the minor one at 3.1 
ppm.
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6.2.5. Synthesis o f 3-Phenylpropanamines
The saturated amine 249c was synthesised by reduction o f freshly prepared 
249b with D IBAL in toluene for 3 h at 0 °C followed by a methanol quench. 
Filtration and removal o f the solvent afforded 249c as a brown oil. The 
N M R  spectrum o f amine 249c contained a multiplet at 1.92 ppm due to the 
protons at C2, a triplet at 2.71 ppm (J 7.4 Hz) due to the protons at C3, a triplet 
at 3.09 ppm (J  6.9 Hz) due to the protons at C l and a methyl singlet at 3.72 
ppm.
P h - ^ ^ ^ ^ N R  — ° ° ' B/ Lu— ► P h ^ + ^ X R  
249b ii) MeOH 249c H
Toluene, 
-20 °C, 3 h.
R = — /)— OMe
1-Azabut-l-ene 248b was less stable than 249b and it was, therefore, not 
possible to prepare 7V,3-diphenylpropanamine 248c using this method. !
Authentic samples o f l-methyl-A/3-diphenylpropanamine 128 and 1-methylW- 
(/>methoxyphenyl)-3-phenylpropanamine 250c were synthesised by reduction 
o f 1 -azabut-1 -ene 251 or 250b with sodium borohydride in methanol
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at 0 °C. The resulting brown oils were identified on the basis o f their analytical 
and spectroscopic properties. The *H NM R spectrum o f 128 contained a methyl 
doublet at 1.20 ppm (J  6.2 Hz), a multiplet between 1.71 and 2.02 ppm due to 
the protons at C2, a triplet at 2.71 ppm (J  7.8 Hz) assigned to the protons at C3, 
a broad signal at 3.39 ppm due to the proton at nitrogen and a quartet due to the 
proton at C l 3.47 ppm (J 6.2 Hz). The 13C NM R spectrum contained signals at 
20.69, 32.36, 38.67 and 47.69 ppm which were assigned to the methyl carbon, 
C3, C2, and C l respectively. The IR  spectrum contained an NH  signal at 3 390 
cm'1. The spectral characteristics o f amine 250c were similar to those o f amine 
128.
Ph/ ~ \ ^ ^ N R  — M ? 4------ P h ' ^ < < ^ N R
MeOH h
0 °C. 3 h.
251: R= Ph ___ 128: R= Ph
250b: R ‘= - 7  fi )— OMe 250c: R = - Z  g — OMe
6.3. Addition o f D IB A L  to (l-Oxa-l,3-diene)tricarlbonyliron(0) Complexes
Initially, the reaction between (4-phenyl-1-oxabuta-l,3-diene)tricarbonyliron(O) 
4 was studied. 4-Phenyl- foxabuta-1,3-diene 67 was supplied commercially and 
complexed to the tricarbonyliron(O) by stirring a mixture o f 67 and diiron 
nonacarbonyl in toluene at 40 °C for 3 h under an atmosphere o f nitrogen. 
After a standard work up and chromatography the resulting red, crystalline solid
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displayed spectroscopic data consistent with those quoted in the
literature5.
Complex 4 was dissolved in toluene and the solution was cooled to 0 °C. 
Diwobutylaluminium hydride (D IBAL) was added as a solution in toluene and 
the mixture was stirred for 3 h under an atmosphere o f nitrogen at 0 °C. The 
reaction was quenched with methanol as a proton source and the mixture was 
allowed to reach room temperature. Filtration through alumina followed by 
solvent removal gave the crude product mixture as an orange oil shown by ’H 
NM R spectroscopy to consist o f three products 243a, 243b and 243c. These 
products were identified by comparison o f their !H N M R  data with those o f 
authentic samples and the ratios are presented in Table 6.1.
67
40 °C, 3 h, N2. Fe(C O )3
4
5 4 %
3 1
P h ^ y ^ O H
243a
1,2-Addition
Q  ►
ii) MeOH
i) DIBAL
Fe(C O )3 Toluene, 0 °C, 3 h.
243b
1,4-Addition
4
3 1
p h ^ y ^ o H
243c
Full saturation
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Molar ratio 
o f reagent
Components o f Product Mixture
4 243a 243b 243c
1 1 5 12 0
2 T 1 3 0
: 5 0 2 7 i !
Table 6.1. Product ratios from the reaction o f complex 4 with D IBAL at 0 °C.
T indicates a trace amount.
From Table 6.1 it is clear that 4 reacts well regardless o f the amount o f reagent 
used with little or no starting material remaining at the end o f the reaction. 
Although the 1,2-adduct 243a was in evidence at all reagent molar ratios^ the 
1,4-adduct 243b is favoured. Only when a five-fold excess o f the reagent was 
used did the saturated alcohol 243c begin to appeal'. These results demonstrate 
that hydride transfer reducing agents may be used to effect a partial reduction o f 
the coordinated 1-hetero-1,3-diene and contrast with results obtained 
previously62 from reductions with lithium aluminiumhydride and sodium 
borohydride in which either full saturation was observed or there was no 
reaction. Furthermore, the results suggest that 1-oxabut-l-ene 243b forms first 
which would mean that the initial point o f attack by the hydride ion is C4 o f the 
coordiated diene.
The effect o f adding a methyl group at position 2 o f the 1-oxa-1,3-diene was 
investigated by treating (2-methyl-4-pheny 1-1 oxabuta-1,3-diene)
tricarbonyliron(O) 91 with D IBAL in toluene at temperatures between -78 and 
40 °C. These reactions gave rise to mixtures containing the three reduction
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products 244a, 244b and 244c which were identified by comparison o f their *H 
N M R  spectra with those o f authetic samples. The results from the reduction o f 
complex 91 are presented in Table 6.2.
Ph _ /
\N i) DIBAL
Fe(C O )3
91
ii) MeOH
Toluene, 0 °C, 3 h.
244a
4 12 1
244b
244c
Temp Molar ratio 
o f reagent
Components o f Product Mixture
91 244a 244b 244c
40 °C
1 1 4 6 T
2 0 1 7 T
5 0 T 1 T
0°C
1 2 10 13 T
2 0 2 11 T
5 0 1 4 T
-20 °C
1 T 2 1 0
2 T 2 3 0
5 T 4 5 T
-78 °C
1 2 3 5 0
2 1 2 2 0
5 1 3 3 0
Table 6.2. Product ratios from the reaction o f complex 91 with D IBAL at a 
range o f temperatures. T indicates a trace amount.
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The results in Table 6.2 indicate that for the reaction between complex 91 and 
D IBAL the major product was either allylic alcohol 244a or ketone 244b. Thus 
partial rather than complete reduction was preferred at all temperatures. The 
saturated alcohol 244c was present only in trace amounts. The allylic alcohol 
244a formed in a similar amount to ketone 244b when 1 molar ratio 1 was 
used but thereafter ketone 244b was produced almost exclusively. As the 
reaction temperature was lowered to -20 °C, the regioselectivity showed signs 
o f change, fy/hen 1 molar ratio o f reagent was used the selectivity was reversed 
with allylic alcohol 244a clearly being favoured over ketone 244b but as the 
amount o f hydride was increased the 1,4-adduct became the dominant product, 
although not as emphatically as it did at the higher temperatures. The saturated 
alcohol was only seen when 5 reagent molar ratios were used. It was a little 
disappointing, therefore, that at -78 °C the trend did not continue and produce 
244a in preference to 244b. The presence o f the stalling complex reflected the 
difficulty o f effecting the reduction at low temperature as did the complete 
absence o f 244c. These results show that higher temperatures and greater 
amounts o f reducing agent favour 1,4-addition.
The effect o f increasing the steric bulk o f the substituent at C2 was studied next. 
The complex 252 derived from 2-/-butyl-4-phenyl-1-oxabuta-1,3-diene 246 was 
synthesised for this purpose.
Ph
Fe(C O )3
252
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1-Oxa-1,3-diene 246 was prepared via a crossed aldol reaction between 
benzaldehyde 55 and pinacolone 253. Pinacolone 253 was added dropwise over 
a period o f 1 h to a stirred refluxing mixture o f benzaldehyde 55 and aqueous 
sodium hydroxide. Reflux was continued for a further 2 h and then the cooled 
mixture was extracted with dichloromethane. The combined organic extracts 
were dried and the solvent removed to afford a yellow oil identified as 246 by 
comparison o f its ‘H N M R  and IR  data with those in the literature63.
y \ y HO o
NaOH(aq)
+
Reflux, 3 h.
246
55 253 4 6 %
(2-+Butyl-4-phenyl-1 -oxabuta-1,3-diene)tricarbonyliron(0) 252 was prepared by 
complexation o f ketone 246 with diiron nonacarbonyl in accordance with the 
standard complexation procedure.
Toluene,
2 4 6  40 °C, 3 h, N2.
A  solution o f complex 252 in toluene was treated with D IBAL at 0 °C followed 
by a proton source. After a standard work up a colourless oil was obtained and 
identified as 245a by comparison o f the crude !H N M R  spectrum with the 
spectrum o f an authentic sample.
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Ph d DIBAL----------- *.
c  ii) MeOH
Fe(C O )3 To|uen0i o oc _ 3 h_ 245a
252
Molar ratio 
o f reagent
Components o f Product Mixture
252 245a 245b 245c
1 0 1 0 0
2 0 1 0 0 1
5 0 1 0 0
Table 6.3. Product ratios from the reaction o f complex 252 with D IBAL at 
0°C.
The results from the reaction o f the 2-/-butyl substituted complex 252 with 
D IBAL show a quite remarkable reversal o f regioselectivity when compared to
those o f complex 91. In all cases the allylic alcohol 245a was produced
exclusively. This was certainly not the result expected on steric grounds and
may indicate electronic effects played an important part in the reaction.
Evidence for the mechanism o f the reduction o f (l,3-diene)tricarbonyliron(0)
complexes only began to emerge a short time ago31. When (buta-1,3-
diene)tricarbonyliron(O) 1 was treated with lithium triethylborohydride at 0 °C,
an anionic ( 73-methallyl)tricarbonyliron intermediate 52 resulted. This
intermediate was detected by shifts in the carbonyl stretching frequencies in the
IR  spectrum from 2 051 and 1 978 cm'1 in complex 1 to 1 930, 1 844 and 1 807
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cm'1 in 52. Unequivocal evidence was obtained by trapping these intermediates 
as their trimethyl tin derivatives and obtaining a crystal structure.
/ T \  Y Y h
1
©
Ca,m , THF, 0 °C . I 3Fe(c °)3 Fe(C O )3
1 52
However, it was still uncertain how these intermediates formed. It may have 
been by direct attack o f hydride at a terminal carbon atom or by attack at one o f 
the carbon monoxide ligands to give a formyl intermediate 51 followed by 
hydride migration to a terminal carbon.
/ 7 \
Et3BH'
Fe(C O )3
1
Direct attack
/ j \
(CO )2Fe
Yo
H
61
T
, C H 3
Fe(C O )3
52
Transfer to 
diene ligand
This uncertainty was removed by performing some low temperature ]H NM R  
experiments in which formyl intermediates were detected by resonances at 13.4 
and 12.0 ppm which are in the typical range for formyl hydrogens in metal 
formyl complexes32,33.
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At about the same time other experiments were conducted with a mixture o f 
lithium aluminiumhydride and lithium aluminiumdeuteride from which it was 
concluded that each H‘ or D' ion was transferred to the coordinated 1-hetero-
1,3-diene in a stepwise fashion30. Shortly afterwards a second paper described 
another sequence o f experiments with (homo-l,3-diene)tricarbonyliron(0) 
complexes from which it was concluded that the first step o f the reaction was 
likely to involve attack by the deuteride ion at a terminal position since 
reduction o f complex 46 by lithium aluminiumdeuteride at 0 °C gave rise only 
to the 1-monodeutero compound 4930.
P l, y y . h j j a i o j — _
Fe(CO)3 Et20 , 0 °C. Ph
46 49
These results were obviously superseded31 but there was still no concrete 
evidence for the mechanism o f the reduction o f (l-hetero-1,3- 
diene)tricarbonyliron(O) complexes. Thus, a series o f experiments was 
conducted in keeping with those previously described31 in order to establish the 
mechanism by which the reduction o f (l-hetero-l,3-diene)tricarbonyliron(0) 
complexes proceed. An attempt was made to detect formyl intermediates 
during the reduction o f (2-methyl-4-pheny 1-1-oxabuta-1,3-
diene)tricarbonyliron(O) 91 by dissolving complex 91 in toluene and cooling the 
solution to 0 °C. D IBAL was added and an aliquot was taken immediately and 
its IR  spectrum recorded. The spectrum showed a shift in the carbonyl bands 
from 2 065, 2 004 and 1 984 cm-1 in complex 91 to 2 042, 1 981 and 1 963 cm'1
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indicating the presence o f an anionic intermediate 254. Further aliquots were 
taken at regular intervals over a period o f 3 h but there was no change in the 
recorded IR spectra. There was no evidence to indicate the presence o f a formyl 
intermediate 254a but this was not really unexpected since the intermediate 254 
forms so quickly at 0 °C.
H transfer
254a
A  further attempt was made to observe formyl intermediates during the 
reduction o f complex 91 with D IBAL using low temperature N M R  techniques. 
To a solution o f complex 91 in toluene-fr^ at -80 °C was added D IBAL as a 
solution in toluene. The mixture was shaken and a *H N M R  spectrum obtained 
immediately. The spectrum showed evidence only o f complex 91. The mixture 
was warmed progressively in 20 °C increments and its !H N M R  spectrum was 
recorded. At -40 °C a doublet at 1.35 ppm and a multiplet at 4.46 ppm 
indicating the presence o f allylic alcohol 244a began to appear but there was no 
evidence for any formyl intermediate. A t -20 °C a small peak appeared at 12.8 
ppm which is consistent with the presence o f formyl intermediate 254a. Thus it
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appears that the first step in the reduction o f (1-hetero-1,3- 
diene)tricarbonyliron(O) complexes with hydride transfer reagents is attack by 
the hydride ion at a carbonyl ligand.
6.4. Addition of DIBAL to (l-Aza-l,3-diene)tricarbonyliron(0) Complexes
The effect o f changing the heteroatom from oxygen to monosubstituted nitrogen 
was investigated next. For this purpose the reaction between complex 5 and 
D IBAL studied. A  solution o f D IBAL in toluene was added to a solution o f 
complex 5 and the resulting solution was stirred at 0 or 40 °C for 3 h and then 
quenched with methanol. The usual work-up procedure was followed to afford 
the product mixture as a brown oil. The components o f the product mixture 
were identified as the starting complex 5, allylic amine 248a and saturated 
amine 248c by comparison o f their lH NM R data with those o f authentic 
samples.
248a H
^  i) DIBAL
N - P h  Y T T Y 7 7
ii) MeOH 
Fe(C O )3 toluene, 0 °C , 3 h. 
5
248b
Not observed
P h ^ ^ N - Ph
248c H
The results o f the reaction o f complex 5 with DIBAL are presented in Table 6.4.
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Temp Molar ratio 
o f reagent
Components o f Product Mixture
5 248a 248c j
40 °C
1 42 3 2
2 45 5 6
5 0 1 2
o o o
1 16 T 1
2 6 1 1
5 T 1 3
Table 6.4, Product ratios from the reaction o f complex 5 with D IBAL at 40 
and 0 °C. T indicates a trace amount.
In this set o f experiments it is apparent that complex 5 does not react as easily 
as the 1-oxa-1,3-diene complexes until the reaction is forced with excess 
hydride. The observed regiochemistry does not differ greatly under the applied 
conditions. The saturated amine 248c and the allylic amine 248a are initially 
formed in equal amounts until 248c predominates in the presence o f a larger 
quantity o f reagent. It is o f note that the 1,4-adduct 248b is not the preferred 
product, as was the case with (4-phenyl-1-oxabuta-l,3-diene)tricarbonyliron(O) 
4, and the reaction ultimately tends towards the saturated amine, in contrast to 
the reactivity o f the 1-oxa-1,3-diene complexes.
The effect o f substituting the /'/-phenyl ring on the outcome o f the reaction was 
studied next. (1 -(p-Methoxyphenyl)-4-phenyl-1 -azabuta-1,3-diene)-
tricarbonyliron(O) 255 was prepared from l-(/?-methoxyphenyl)-4-phenyl-l- 
azabuta-1,3-diene 247 via a route identical to that used for the synthesis o f
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complex 5 and was identified by comparison o f its spectroscopic and analytical 
data with literature values39.
P h ^ y ^ N - A r Ph^ A _
247  J o y  3 h. F©(CO>3
255
Ar
A r=  — k \> OMe
Reduction o f complex 255 with D IBAL led to formation o f a brown oil shown 
to contain amines 249a and 249c by comparison o f the 'H N M R  spectrum o f 
the crude product mixture with spectra o f authentic samples.
Molar ratio 
o f reagent
Components o f Product Mixture
255 249a 249c
1 10 1 1
2 1 1 1
5 0 3 2
Table 6.5. Product ratios from the reaction o f complex 255 with D IBAL at 
0°C.
It is evident by comparison o f the data in Table 6.5. with that in Table 6.4. that 
the reduction proceeds a little more smoothly when the ring has a/Lmethoxy 
substituent and tends more towards 1,2-addition. Despite the fact that inline 
249b is more stable than imine 248b, it is still not observed in the product 
mixture.
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The effect o f changing the substituent at C2 o f the 1-aza-1,3-diene from H to 
methyl was also studied. (2-Methy 1-4-phenyl-1-azabuta-1,3-diene)tricarbonyl 
iron(O) 73 and (2-methyl-1 -^-methoxyphenyl)-4-phenyl-1 -azabuta-1,3-diene) 
tricarbonyliron(O) 138 were chosen for this purpose and then treated with 
D IBAL in toluene for 3 h at 0 or 40°C. The reactions were quenched with a 
proton source and worked up in the usual way.
Comparison o f the !H N M R  spectra o f the product mixtures with those o f 
authentic samples revealed the presence o f three reduction products in each 
case. Treatment o f complex 73 with DIBAL at 0 or 40 °C gave rise to a 
mixture o f allyl amine 122, imine 251 and saturated amine 128.
Complexes JJR
Fe(C O )3 
73 138
122 H
Fe(C O )3 Toluene, 0 or 40 °C,
4  ^ l2 1
251
73 3 h.
1 2 8  H
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; Temp Molar ratio 
o f reagent
Components o f Product Mixture
73 122 251 128
40 °C
1 8 T T 1
2 7 2 3 3
5 4 13 17 13
0°C
1 1 T T T
2 19 1 2 T
5 1 2 4 4
Table 6.6. Product ratios from the reaction o f complex 73 with D IBAL at 40 
and 0 °C. T indicates a trace amount.
The results presented in Table 6.6 show that the reaction did not proceed very 
well with the lower quantities o f hydride since much o f the starting material 
remained. At 40 °C the 1,4-adduct 251 was favoured over the other two 
products 122 and 128 which were present in equal amounts. At the lower 
temperature 251 and the saturated amine 128 were the major products. These 
results again indicate that the first point o f attack by the hydride ion is at C4 o f 
the coordinated 1-aza-1,3-diene resulting firstly in 1,4-addition, and ultimately 
in full saturation.
The effect o f adding an electron donating substituent to the aniline ring 
fragment was studied by treating complex 138 with DIBAL.
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P h — XN — — OMe
Fe(C O )3 
138
A  solution o f complex 138 in toluene was treated with D IBAL followed by a 
proton source under standard conditions and the products were identified by 
comparison o f the lH  N M R  spectrum o f the crude product mixture with the 
spectra o f authentic samples.. The results o f these experiments are given in 
Table 6.7.
Ph
\  i) DIBAL
N - A r
Ar =
ii) MeOH 
Fe(C O )3 Toluene, 0 or 40 °C,
138 3 h.
■OMe
Ph/ X 3 Y J+ N / Ar 
250a H
4 2
P h ^ Y Y N „ A r
250b
Ph/ N r i N N '"
250c H
Ar
1 Molar ratio 
o f reagent
Components o f Product Mixture
138 250a 250b 250c
1 32 1 2 1
2 11 1 2 1
5 12 4 5 4
Table 6.7. Product ratios from the reaction o f complex 138 with D IBAL at 
0°C.
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When the aniline ring bears the electron donating methoxy group the imine 
250b is formed in preference to the allylic amine 250a and the saturated amine 
250c which are formed in equal amounts. This trend is observed at all reagent 
molar ratios; the only difference being the decreasing amount o f residual starting 
material with increasing amount o f hydride.
6.5. Selective Reduction of (l-Aza-l,3~diene)tricarbonyliron(0) Complexes 
Bearing a Pendant Ketone Function
In complexes 256 and 257 the 7V-phenyl ring bears an uncoordinated ketone 
function. It has already been established that treatment o f (1-hetero-1,3- 
diene)tricarbonyliron(O) complexes with sodium borohydride did not lead to 
reduction o f the coordinated 1-hetero-1,3-diene62 whereas treatment with 
lithium aluminiumhydride led to full saturation. The results presented so far in 
this chapter indicate that coordinated 1-hetero-1,3-dienes are reduced by 
D IBAL but not always completely. It was therefore o f interest to determine if, 
by controlling the reaction stoichiometry, the tricarbonyliron(O) moiety could be 
used to protect the coordinated 1-hetero-1,3-diene in complexes 256 and 257 
against reduction by D IBAL and so allow selective reduction o f the ketone 
function.
Ph—f/ | N—(fi y— ^  Ph— "  | N
Fe(C O  )3\ = /  O Fe(C O )3
256 257
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l-(4-Ethanoylphenyl)-4-phenyl-1-azabuta-1,3-diene 258 was prepared by 
heating a solution o f 4-aminoacetophenone 259 and 4-phenyl-1-oxabuta-1,3- 
diene 67 in ether at reflux temperature for 12 h. After this period half the 
solvent was removed and the yellow solution was cooled in an ice bath. The 
yellow crystals were removed by filtration and washed with hexane. These 
crystals were identified as l-(4-ethanoylphenyl)-4-phenyl-1-azabuta-1,3-diene 
258 on the basis o f their analytical and spectroscopic data. The ]H N M R  
spectrum o f 258 contained a methyl singlet at 2.61 ppm and a multiplet due to 
the proton at C2 at 8.27 ppm. The 13C NM R spectrum contained signals at 
26.57, 163.08 and 197.21 ppm which were assigned to the methyl carbon, C2 
and the carbonyl carbon respectively. The IR spectrum o f 258 contained a 
carbonyl signal at 1 671 cm'1 and a C=N signal at 1 627 cm'1.
Complexes I t e .
P h ^ V ^ O
67
Et20, 
reflux, 12 h.
259
O
258
30%
1-Aza-1,3-diene 258 was complexed to the tricarbonyliron(O) moiety in the 
usual way to afford a red crystalline solid identified as (l-(4-ethanoylphenyl)-4- 
phenyl-l-azabuta-l,3-diene)tricarbonyliron(0) 256 on the basis o f its analytical
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and spectroscopic data. The *H NM R spectrum o f complex 256 contained a 
methyl singlet at 2.53 ppm, a doublet at 3.43 ppm (J 9.5 Hz) assigned to the 
proton at C4 and a double doublet at 5.80 ppm (J  9.5 and 2.8 Hz) assigned to 
the proton at C3. The 13C NM R spectrum contained signals at 26.34, 63.05 and
76.05 ppm which were assigned to the methyl carbon, C4 and C3 respectively. 
A  signal at 196.75 ppm was assigned to the ketonic carbonyl carbon. The IR 
spectrum displayed three characteristic carbonyl bands at 2 059, 1 992 and 1 
979 cm'1 due to the metal carbonyl ligands and a fourth carbonyl band was 
observed at 1 673 cm'1 due to the ketone function. The mass spectrum o f 
complex 256 was recorded using FAB and contained a peak at 458 (20 %, 
M+69) and peaks at 361 (12 %), 333 (15 %) and 305 (100 % ) due to successive 
loss o f the carbonyl ligands.
Treatment o f a solution o f complex 256 in toluene with D IBAL at 0 °C 
followed by a proton source led, after a standard work up, to formation o f 
complex 260, allyl amine 261 and saturated amine 262.
D. /  \ ,  .  i) DIBAL
Ph— "  N —Ar — ---------------------- *.
_  . . . .  ii) MeOH
F e(C O )3
260
Fe(C O )3 Toluene, o °C , 3 h. 
256
261 H
2 6 2  H
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The first product formed was complex 260 which was identified by comparison 
o f its spectroscopic and analytical data with those o f an authentic sample o f 260 
synthesised by an alternative route. Although a new chiral centre is generated in 
this reaction, no diastereoselectivity was observed. This, presumably, is a 
reflection o f the distance between the tricarbonyliron(O) moiety and the ketone 
function in complex 256. An authentic sample o f complex 260 was prepared as 
follows. Reduction o f 4-aminoacetophenone 259 with sodium borohydride in 
methanol at 0 °C followed by extraction into diethyl ether gave a yellow 
solution shown by !H N M R  spectroscopy to contain the corresponding alcohol 
263. The spectrum contained a methyl doublet at 1.45 ppm (J  4.5 Hz). 
Previous attempts to isolate alcohol 263 had resulted in dimerisation so the 
solvent was reduced by half under reduced pressure and 4-phenyl-1-oxabuta-
1,3-diene 67 was added. The reaction mixture was stirred at 0 °C for 3 h and 
then the solvent was removed. Chromatography on silica afforded a yellow 
solid identified as 1-aza-1,3-diene 264 on the basis o f its spectroscopic and 
analytical data. The *H N M R spectrum o f 264 contained a methyl doublet at 
1.51 ppm (J  6.4 Hz), a quartet at 4.91 ppm (J 5.8 Hz) due to the methine proton 
and a double doublet at 8.25 ppm (J  1.0 and 7.1 Hz) due to the proton at C2. 
The 13C N M R spectrum o f 264 contained signals at 25.12, 69.88 and 161.54 
ppm which were assigned to the methyl carbon, the alcoholic carbon and C2 
respectively. The IR spectrum contained a C=N band at 1 627 cm"1 and a C=C 
band at 1 585 cm"1.
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NaBH4
MeOH, 0 °C, 3 h OH
259 263
35%
Reaction o f 1-aza-1,3-diene 264 with diiron nonacarbonyl in toluene at 40 °C 
followed by chromatography led to isolation o f a red crystalline solid identified 
as complex 260 on the basis o f its analytical and spectroscopic data. The *H 
N M R  spectrum o f complex 260 contained a doublet at 1.44 ppm (J  6.4 Hz) due 
to the methyl group, a doublet at 3.37 ppm ( J 9.4 Hz) due to the proton at C4, a 
multiplet at 4.81 ppm due to the methine proton and a double doublet at 5.71 
ppm (J  2.8 and 9.4 Hz) due to the proton at C3. The 13C N M R spectrum o f 
complex 260 contained signals at 24.84, 62.18, 69.86, 74.46 and 103.79 ppm 
which were assigned to the methyl carbon, C4, the alcoholic carbon, C3 and C2 
respectively. The IR spectrum contained carbonyl signals at 2 057, 1 997 and 1 
986 cm'1. The mass spectrum was recorded by FAB and contained a peak at 
460 ( 18 %, M+69) and peaks at 363 (10 %), 335 (12 % ) and 307 (100 % ) due 
to successive loss o f the carbonyl ligands.
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Fe2(CO )9 / /  ^
P h f a V X / A r T 7  ^  P h — "  I N - A r
N Toluene, J.
264 40 °C, 3 h. F©(c O)3
260
5 9 %  
Ar
The other products identified in the crude product mixture obtained from the 
reduction o f complex 256 with D IBAL were the allyl amine 261 and the 
saturated amine 262. A llyl amine 261 was prepared by reduction o f 1-aza-1,3- 
diene 258 with D IBAL under standard conditions.
258
i) DIBAL 
il) MeOH
Toluene, 0 °C, 3 h.
261 H
The 'H N M R  spectrum o f 261 contained a methyl doublet at 1.46 ppm (J  6.4 
Hz), a multiplet at 3.93 ppm was assigned to the protons at C l, a quartet at 4.79 
ppm (J 6.4 Hz) was assigned to the methine proton and a double triplet at 6.32 
ppm (J  15.9 and 5.6 Hz) was assigned to the proton at C2. The presence o f 262
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in the product mixture was confirmed by comparison o f the crude 'H NM R 
spectrum with spectra obtained from an authentic sample o f amine 249c.
Complex Molar ratio 
o f reagent
Components o f Product Mixture
260 261 262
256
1 1 0 0
2 1 T T
5 10 5 6
Table 6.8. Product ratios from the reaction o f complex 256 with D IBAL at 
0 °C . T indicates a trace amount.
The results in Table 6.8 are discussed together with the results from the 
redcution o f complex 257 in Table 6.9.
1-(3-Ethanoylphenyl)-4-phenyl-1-azabuta-1,3-diene 265 was prepared by 
stirring a mixture o f 3-aminoacetophenone 266 and 4-pheny 1-1-oxabuta-1,3- 
diene 67 in diethyl ether at room temperature for 12 h. After this period half the 
solvent was removed and the yellow solution was cooled in an ice-salt bath. 
The yellow crystals were removed by filtration and washed with hexane. These 
crystals were identified as 1-(3-ethanoylphenyl)-4-phenyl-1-azabuta-1,3-diene 
265 on the basis o f their analytical and spectroscopic data. The !H NM R 
spectrum o f 265 contained a methyl singlet at 2.63 ppm and a doublet due to the 
proton at C2 at 8.31 ppm (J  8.3 Hz). The 13C NM R spectrum contained signals 
at 26.77, 162.68 and 197.87 ppm which were assigned to the methyl carbon, C2
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and the carbonyl carbon respectively. The IR  spectrum o f 265 contained a 
carbonyl signal at 1 694 cm'1 and a C=N signal at 1 634 cm'1.
P h Y / f i o
67
" y °
Et20, 
rt, 12 h,
265
6 3 %
1-Aza-1,3-diene 265 was complexed to the tricarbonyliron(O) moiety in the 
usual way to afford a red crystalline solid identified as (l-(3-ethanoylphenyl)-4- 
phenyl-l-azabuta-l,3-diene)tricarbonyliron(0) 257 on the basis o f its analytical 
and spectroscopic data. The lH  N M R  spectrum o f complex 257 contained a 
methyl singlet at 2.59 ppm, a doublet at 3.41 ppm (J  9.4 Hz) assigned to the 
proton at C4 and a double doublet at 5.77 ppm (J  9.4 and 2.8 Hz) assigned to 
the proton at C3. The 13C N M R spectrum contained signals at 26.68, 62.81 and 
75.13 ppm which were assigned to the methyl carbon, C4 and C3 respectively. 
A  signal at 197.89 ppm was assigned to the ketonic carbonyl carbon. The IR 
spectrum displayed three characteristic carbonyl bands at 2 062, 1 994 and 1 
975 cm'1 due to the metal carbonyl ligands and a fourth carbonyl band was 
observed at 1 679 cm'1 due to the ketone function. The mass spectrum o f 
complex 257 was recorded using FAB and contained a peak at 458 (20 %, 
M+69) and peaks at 361 (10 %), 333 (15 %) and 305 (100 % ) due to successive 
loss o f the carbonyl ligands.
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Treatment o f a solution o f complex 257 in toluene with D IBAL at 0 °C 
followed by a proton source led, after a standard work up, to formation o f 
complex 267, allyl amine 268 and saturated amine 269.
Ph _ / /  N -Ar
i) DIBAL
ii) MeOH 
'  '3 Toluene, 0 °C , 3 h.
257
268 H
269 H
The first product formed was complex 267 which was identified by comparison 
o f its spectroscopic and analytical data with those o f an authentic sample o f 267 
synthsised as follows. Reduction o f 3-aminoacetophenone 266 with sodium 
borohydride in methanol at 0 °C gave alcohol 270 as a yellow gum whose T i 
N M R  spectra contained a methyl doublet at 1.45 ppm (J  6.5 Hz) and a quartet at 
4.78 ppm (J 6.5 Hz) due to the methine proton. Reaction o f 270 with 1-oxa-
1,3-diene 67 in ether at 0 °C for 3 h foliowd by removal o f the solvent and 
chromatography yielded 1-aza-1,3-diene 271 as a yellow gum. The !H NM R 
spectrum o f 271 contained a methyl doublet at 1.52 ppm (J  6.5 Hz), a quartet at
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4.92 ppm (J  6.5 Hz) due to the methine proton and a doublet at 8.27 ppm (J  7.5 
Hz) due to the proton at C2.
266
NaBH 4
MeOH, 0 C ,3h .
270
P h X Y - Q  67
Et20, 0 °C , 3 h.
-OH
A
Reaction o f 1-aza-1,3-diene 271 with diiron nonacarbonyl in toluene at 40 °C 
followed by chromatography led to isolation o f a red crystalline solid identified 
as complex 267 on the basis o f its analytical and spectroscopic data. The !H 
N M R  spectrum o f complex 267 contained a doublet at 1.47 ppm (J  6.4 Hz) due 
to the methyl group, a doublet at 3.37 ppm (J 9.4 Hz) due to the proton at C4, a 
multiplet at 4.85 ppm due to the methine proton and a double doublet at 5.72 
ppm (J  2,8 and 9.4 Hz) due to the proton at C3. The 13C N M R spectrum o f 
complex 267 contained signals at 25.13, 62.23, 70.21 and 74.50 ppm which 
were assigned to the methyl carbon, C4, the alcoholic carbon and C3 
respectively. The IR spectrum contained carbonyl signals at 2 058, 1 996 and 1 
974 cm'1. The mass spectrum was recorded by FAB and contained a peak at
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460 ( 20 %, M+69) and peaks at 363 (15 %), 335 (20 % ) and 307 (100 % ) due 
to successive loss o f the carbonyl ligands.
Fe2(CO )9 / T ~ \
P h ^ ^ N ' A r i “ ~ A r
271 40 °C, 3 h. F e(C O )3
267 
4 6 %
Allyl amine 268 was prepared by reduction o f 1-aza-1,3-diene 265 with D IBAL 
under standard conditions.
266
i) DIBAL
ii) MeOH 
Toluene, 0 °C, 3 h. .OH
A
268 H
The *H N M R spectrum o f 268 contained a methyl doublet at 1.47 ppm (J  6.4 
Hz), a multiplet at 3.93 ppm assigned to the protons at C l, a quartet at 4.80 ppm
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(J  6.4 Hz) assigned to the methine proton and a double triplet at 6.31 ppm (J
15.9 and 5.6 Hz) assigned to the proton at C2.
Complex Molar ratio 
o f reagent
Components o f Product Mixture
267 268 269
257
1 1 0 0
2 22 2 1
5 3 3 4
Table 6.9. Product ratios from the reaction o f complex 257 with D IBAL at 
0°C.
From the results in Table 6.8 and Table 6.9 it is apparent that when the aniline 
ring bears an ethanoyl function the first reagent molar ratio reduces this to the 
alcoholic form quantitatively but thereafter it seems that the reduction becomes 
more difficult. As one might expect, an increasing quantity o f hydride results in 
increasing reduction o f the coordinated diene although there is little 
regioselectivity. It is apparent, therefore, that the tricarbonyliron(O) moiety can 
be used to protect the coordinated 1-hetero-1,3-diene in complexes 256 and 257 
against reduction by D IBAL i f  a stoichiometric amount o f the reducing agent is 
used since the ketone function reacts preferentially.
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6.6. Addition of Lithium Triethylborohydride to (1-Hetero-l,3- 
diene)tricarbonyliron(O) Complexes
The next stage o f the investigation involved an examination o f the effects o f 
changing the reducing agent. Following the results from the D IBAL reductions 
it was decided to select four complexes that exhibited differing behaviour. 
Consequently complexes 91, 252, 5 and 73 were chosen for reaction with both 
lithium triethylborohydride and lithium tri#-butyl)borohydride.
Ph— "  | O
Fe(C O )3 
91
Ph— "  | N -P h  
Fe(C O )3 
5
A  solution o f the complex in THF was treated with 1, 2 or 5 molar ratios o f 
lithium triethylborohydride at 0°C for 3 h under an atmosphere o f nitrogen 
followed by a proton source. The resulting mixture was filtered through 
alumina to remove solid residues and the solvent was removed under reduced 
pressure to afford the crude product mixture as an oil. This oil was then 
analysed by *H N M R spectroscopy in order to determine the product ratios.
Fe(C O )3
252
Ph— "  N—Ph
F e(C O )3 
73
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Complex Molar ratio 
o f reagent
Components o f Product Mixture
SM 1,2-Adduct 1,4-Adduct Saturated
1 2 0 21 0
j 91 2 0 2 15 14
5 0 T 1 4
1 1 2 4 0
252 2 0 5 12 1
5 0 2 4 3
Table 6.10. Product ratios from the reaction o f complexes 91 and 252 with 
LiEt3BH at 0 °C. T indicates a trace amount.
Table 6.10 presents the results obtained from the reduction o f complexes 91 and 
252 with LiEt3BH. Complex 91 initially gives the same result as that obtained 
from its reduction with D IBAL (Table 6.2) i.e. exclusively the 1,4-adduct 244b. 
However, as the amount o f hydride was increased the regioselectivity o f the 
reaction changed quite markedly and ultimately, the saturated alcohol 244c was 
formed almost exclusively. This was in contrast to the results obtained with 
D IBAL where the 1,4-adduct was the favoured product and the saturated 
alcohol 244c was only observed in trace quantities. The 2-/-butyl complex 252 
also gave rise to an entirely different regiochemical outcome with the saturated 
ketone 245b being the dominant product as opposed to the allylic alcohol 245a. 
The saturated alcohol 245c was also in evidence for the first time.
Differences emerged once more when the 1-azadiene complexes 5 and 73 were 
treated with LiEt3BH. Previously (Table 6.4), complex 5 gave rise to the
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saturated amine 250c in preference to the allylic amine 250a upon treatment 
with DIBAL but in this case the regioselectivity was reversed and 248a 
predominated.
Complex Molar ratio 
o f reagent
Components o f Product Mixture
SM 1,2-Adduct 1,4-Adduct Saturated
1 1 3 0 T
5 2 0 2 0 1
5 0 1 0 0
1 2 1 1 T
73 2 2 9 16 2 !
5 2 5 26 6
Table 6.11. Product ratios from the reaction o f complexes 5 and 73 with 
LiEt3BH at 0 °C. T indicates a trace amount.
The same was true for complex 73 (Table 6.6) which now afforded the 1,4- 
adduct 251 in a large excess whereas with DIBAL the saturated amine 128 was 
produced in greater amounts. Both the extent and the selectivity o f the reaction 
were enhanced as the amount o f hydride was increased.
6.7. Addition o f Lithium Tri(s-butyI)borohydride to (1-Hetero-1,3- 
diene)tricarboeylirou(O) Complexes
The figures presented in Table 6.12 for the reduction o f 91 with Li^B^BH are 
in agreement with those obtained with LiEt3BH. There was a remarkable 
change in selectivity from exclusively the 1,4-adduct 244b at 1 and 2 reagent
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molar ratios to almost exclusively the saturated alcohol 244c at 5 reagent 
molar ratios. Complex 252 compared well with complex 91 giving a similar set 
o f results but contrasted with the ratios observed upon treatment with LiEt3BH
Complex Molar ratio 
o f reagent
Components o f Product Mixture
SM 1,2-Adduct 1,4-Adduct Saturated
1 2* T 11 0
91 2 0* 0 5 0
5 0 1 T 5
1 3 0 2 0
252 2 1 2 17 0
5 0 7 2 23
Table 6.12. Product ratios from the reaction o f complexes 91 and 252 with 
Li^B^BH at 0 °C. T indicates a trace amount.
* A significant amount of the free ketone was recovered from these reactions which does not 
come into the product ratio calculations.
where the dominant product at the high concentration o f hydride was ketone 
245b whereas in this case it was the saturated alcohol 245c.
When complex 5 was treated with LHBu3BH it appeared at first that the 
selectivity would be the same as that observed with LiEt3BH, i.e. exclusively 
the ally lie alcohol 248a. However, increasing the amount o f hydride brought 
about formation o f the saturated amine 248c. The product ratios that resulted 
from treatment o f complex 73 with LHBu^BH were consistent with those
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observed with LiEt3BH although the saturated imine 251 was produced more 
selectively when the larger excess o f hydride was employed.
Complex Molar ratio 
o f reagent
Components o f Product Mixture
SM 1,2-Adduct 1,4-Adduct Saturated
1 2 1 0 0
5 2 T 1 0 T
5 0 4 0 5
1 78 3 2 T
73 2 14 1 11 T
5 0 T 13 4
Table 6.13. Product ratios from the reaction o f complexes 5 and 73 with 
Li^BU jBH . T indicates a trace amount.
6.8. Conclusions
It may be concluded from these experiments that the regioselectivity o f the 
reduction o f (l-hetero-l,3-diene)tricarbonyliron(0) complexes with hydride 
transfer reducing agents can be largely, i f  not completely, controlled by a 
careful choice o f the reaction conditions. The choice o f reagent and the amount 
used are the most important factors in regiocontrol but the reaction temperature 
can also be used to help determine the outcome both in terms o f conversion and 
regioselectivity. By careful fine tuning o f the conditions it should be possible 
to obtain the product in excellent yield with a high degree o f regiocontrol. 
Substitution o f the coordinated 1-aza-1,3-diene at C2 does produce changes in 
the selectivity although these can be modified, i f  desired, by changing the
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reagent. Substitution o f the aniline ring fragment with either electron donating 
or electron withdrawing substituents does not appear to have any great effect 
upon the regioselectivity.
The tricarbonyliron(O) moiety may also be used to protect a coordinated 1- 
hetero-1,3-diene against attack by hydride allowing selective reduction o f other 
functional groups.
CHAPTER 7
7.0. Conclusions
The reaction o f (1-hetero-1,3-diene)tricarbonyliron(O) complexes with lithium 
amides and hydride transfer reagents has been investigated. Some o f this work 
was applied in the selective reduction o f (steroid)tricarbonyliron(O) complexes 
and the following conclusions have been reached.
7.1. Reaction of (1-Hetero-l,3-diene)tricarbonyliron(0) Complexes with 
Lithium Amides
The behaviour o f (1 -hetero-1,3 -diene)tricarbonyliron(O) complexes towards 
lithium amides was found to be dependent upon both the substituent at C2 o f 
the coordinated 1-hetero-1,3-diene and the hetero atom.
7.1.1. Reaction of (2-Methyl-l-azabuta-l,3-diene)tricarbonyliron(0) 
Complexes with Lithium Amides
Treatment o f (2-methyl-1-azabuta-l,3-diene)tricarbonyliron(O) complexes with 
lithium diethylamide followed by a proton quench led to the formation o f (2- 
aminobuta-1,3 -diene)tricarbonyliron(O) complexes in good yield.
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i) Et2N"
H 
N -P h
3 2 /
Fe(C O )3 
13273
I f  the reaction was quenched with an alkylating halide, (2-aminobuta-l,3- 
diene)tricarbonyliron(O) complexes bearing a tertiary nitrogen atom were 
generated.
Complexes with Lithium Amides
Treatment o f (2-ethyl-1-azabuta-1,3-diene)tricarbonyliron(O) complexes with 
lithium amides led to formation o f (2-aminobuta-l,3-diene)tricarbonyliron(0) 
complexes bearing a methyl group at the 1 position. Initially, rotation o f the 
methyl group in the starting complex is restricted by the ortho protons o f the N -  
phenyl ring giving rise to a 2-amino complex in which the geometry o f the 
coordinated diene is E,E.
THF, 0 °C, 3 h.
Fe(C O )3
160
N - P h
73
7.1.2. Reaction of (2-Ethyl-l-azabuta-l,3-diene)tricarbonyIiron(0)
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Ph _ / N - P h  
Fe(C O )3 
183
H 
N - P h
i) Et2N“
ii) MeOH 
THF, 0 °C, 3 h.
P h — f i  ^ — Ha
C H 3
(C O )3Fe
193a only
This restriction was removed by adding 2 carbon atoms between the nitrogen 
atom and the ZV-phenyl ring in the starting 1-hetero-1,3-diene complex. Upon 
reaction with lithium diethylamide an approximate 1:1 mixture o f the E,E  and 
E,Z  complexes was produced.
Ph
Fe(CO )3 
201
H
N
Ph Ha
C H 3 
(c ° ) 3Fe
 ^E.??.N--------- ► E,E 203a
-Ph ii) MeOH
THF, 0 °C, 3 h. h
N
P h — "  ^
(C O )3FeHP 
E,Z 203b
CH,
Ph
Ph
7.1.3. Reaction of (l-Azabuta-l,3~diene)tricarbonyliron(0) Complexes 
Bearing H at C2 with Lithium Amides
Complexes not bearing an alkyl substituent at C2 produced formamides and the 
uncoordinated 1-hetero-1,3-diene when treated with lithium amides. In this 
case the lithium amide acted as a nucleophile by attacking the complex at a
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carbonyl ligand to give an anionic iron acyl intermediate detected by IR 
spectroscopy.
P h — "  N - P h
Fe(C O )3 
5
7.1.4. Reaction of (l-Oxabuta-l,3-diene)tricarbonyliron(0) Complexes with 
Lithium Amides
(1-Oxabuta-1,3-diene)tricarbonyliron(O) complexes also yielded formamides 
upon treatment with lithium amides. However, 2-allcyl substituted complexes 
did not give rise to the corresponding 2-hydroxy complexes. Deuteration 
studies indicated that deprotonation o f the alkyl group occurred but not 
rearrangement.
O
^  I
i) PhCH2NH" Ph H H 
-------------------► 204
ii) MeOH .
THF, 0 °C, 3 h.
69
Ph
\N
OH
O
Fe(C O )3
91
i) PhCH2NH"
/ /
ii) MeOH 
THF, 0 °C, 3 h.
Ph
Fe(C O )3
217
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7.2. Reaction o f Tricarbonyliron(O) Complexes o f Steroids with Hydride 
Transfer Reagents
Two tricarbonyliron(O) complexes o f steroids were treated with hydride transfer 
reagents, the homo-1,3-diene complex (ergosteryl acetate)tricarbonyliron(O) 61 
and the 1-hetero-1,3-diene complex (16-dehydropregnenylone acetate)- 
tricarbonyliron(O) 92.
7.2.1. (Ergosteryl acetate)tricarbonyliron(0) 61
Treatment o f (ergosteryl acetate)tricarbonyliron(O) 61 with lithium 
aluminiumhydride led to formation o f 5a-ergosta-7,22-dien~3p-ol 233. The 
geometry o f the A/B ring junction was determined by 13C N M R  spectroscopy 
and indicated that the hydride ion attacked initially at a carbonyl ligand and 
then transferred to the a-face o f the steroid at C5.
Reaction o f complex 61 with lithium aluminiumdeuteride yielded the 5 a- 
deutero analogue 238 and opens the way for tritiation studies.
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7.2.2. (16-Dehydropregnenylone acetate)tricarbonyliron(0) 92 
Treatment o f (16-dehydropregnenylone acetate)tricarbonyliron(O) 92 with 
lithium aluminiumhydride led to a mixture o f products 240a, 240b and 240c 
partly resulting from incomplete complexation o f the starting steroid 231.
92
Fe(C O )3
i) LiAIH4
ii) MeOH 
Et20, 0 °C, 3 h.
240b
.OH
240c
The ketone 240b and the saturated alcohol 240c were both derived from the 
complex but the allylic alcohol 240a was derived from the uncomplexed steroid 
231. Deuteration studies indicated that the initial point o f attack by the hydride 
ion was at C l 6 o f the coordinated steroid.
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7.3. Reaction of (l-Hetero-l,3-diene)tricarbonyliron(0) Complexes with 
Hydride Transfer Reagents
It was demonstrated that both the degree and the regiochemistry o f the 
reduction o f (l-hetero-l,3-diene)tricarbonyliron(0) complexes with hydride 
transfer reagents could be controlled by adjusting the reaction stoichiometry, 
temperature and the reducing agent used. The most important factor was found 
to be the choice o f reagent.
Ph _ /
R
\
X
Fe(C O )3
R= H, Me, Bu 
X= O, NR*
R
i) H'
ii) MeOH
Toluene, 0 °C, 3 h.
'= Ph, - f  — QMe
1,2-Addition
1,4-Addition
Full saturation
The mechanism o f the reduction o f (l-hetero-l,3-diene)tricarbonyliron(0) 
complexes was thought to be similar to that o f (homo-1,3- 
diene)tricarbonyliron(O) complexes31 in which the hydride ion attacked at a 
carbonyl ligand and then transferred to the coordinated 1-hetero-1,3-diene 
ligand. Anionic //-allyl intermediates were detected in the reaction mixture by
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IR  spectroscopy and a formyl intermediate was detected by low temperature !H 
N M R  spectroscopy.
The tricarbonyliron(O) moiety was also found to be effective at protecting the 
coordinated 1-hetero-1,3-diene ligand against attack by a stoichiometric amount 
o f hydride allowing selective reduction o f uncoordinated carbonyl groups.
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8.0. Experimental
Solvents and Reagents
Acetonitrile was dried over calcium hydride and freshly distilled under an 
atmosphere o f nitrogen.
n-Butyllithium was supplied as a 1.6 or 2.5 M  solution in hexanes in sealed 
bottles and was stored at -20 °C.
Diethyl ether was dried over lithium aluminiumhydride and was freshly 
distilled under nitrogen before use.
Diisobutylaluminium hydride was supplied as a 1.0 or 1.5 M  solution in toluene 
in Aldrich Sure-Seal™ bottles, lithium triethylborohydride and lithium 
tri(s-butyl) borohydride were supplied as 1.0 M  solutions in THF in
Aldrich Sure-Seal™ bottles and were stored at 4 °C.
Diisopropylamine was dried over sodium hydroxide pellets, distilled under 
nitrogen and stored over sodium hydroxide pellets under an atmosphere o f 
nitrogen.
Methyl iodide was distilled from and stored over 3 A  molecular sieves under an 
atmosphere o f nitrogen.
Tetrahydrofuran was dried and freshly distilled from potassium benzophenone 
lcetyl under an atmosphere o f nitrogen.
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Toluene was dried over sodium metal and freshly distilled under nitrogen. 
Filtrations on alumina were performed using deactivated (10 % w/w water) 
Brockmann (Grade IV ) alumina.
A ll other chemicals were used as supplied unless otherwise stated.
A ll air-sensitive reactions were performed under nitrogen using standard 
Schlenk line techniques100.
Chromatography
A ll flash chromatography was performed on silica gel (0.035-0.07 nm pore 
diameter ca. 6 nm). Thin layer chromatography was performed on precoated 
silica gel 60 plates with fluorescent indicator.
Melting Points
Melting points were recorded on a Kofler heated stage micromelting point 
apparatus and are uncorrected.
Elemental Analysis
Elemental analyses were performed by Miss N. J. Walker at the University o f 
Surrey, Department o f Chemistry on a Leeman Labs 444 Elemental Analyser.
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Infra-red Spectra
Infra-red spectra were recorded using on a Perkin-Elmer System 2000 Fourier 
transform infra-red instrument as nujol mulls, thin films, solutions in 
hexachlorobutadiene, solutions in toluene or solutions in hexane.
Mass Spectra
Mass spectra were recorded by Mark Domin at the School o f Phannacy, 
University o f London on a Kratos MS80 instrument at 70 eV using m- 
nitrobenzyl alcohol as the matrix.
Nuclear Magnetic Resonance Spectroscopy
Nuclear magnetic resonance spectra were recorded on a Bruker AC  300 
instrument with an Oxford Instruments 7.04 T superconducting magnet. *H 
spectra were recorded at 300 MHz, 2H spectra at 46.0 MHz, and 13C spectra 
were recorded at 75.5 MHz. Chemical shifts are quoted in ppm relative to a 
tetramethylsilane internal standard.
Synthesis o f  2-Methyl-4-phenyl-l-oxabuta-1,3-diene 130 
Acetone (5.45 g, 94 mmol) and benzaldehyde 55 (8.30 g, 78 mmol) were stirred 
together for 15 h in a solution o f sodium hydroxide (1.56 g, 39 mmol) in water 
(40 ml) at room temperature. The yellow emulsion produced was extracted 
with dichloromethane (2 x 40 ml) and the combined organic layers were 
washed with water and dried over magnesium sulphate. The solvent was 
removed under reduced pressure to afford 130 as a yellow oil which was 
crystallised and recrystallised from hexane (4.4 g, 38 %). Mp 34-35 °C; (found:
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C, 81.9; H, 6.74 % C10H10O requires C, 82.2; H, 6.9 %); vmax (nujol) 1 680vs 
(CO) and 1 613m (C=C) cm'1, (lit.63 1 674 (CO) and 1 628 (C=C) cm'1); 5H (300 
MHz; CDC13) 2.39 (3H, s, C H 3), 6.73 (1H, d, J  16.3 Hz, PhHC=C/0 and 7.39- 
7.55 (6H, m, PhH  and PhC#=CH), (lit.64 6.70 (IH , d, J  16.5 Hz, PhCH=Ctf) 
and 7.48 (IH , d, J  16.5 Hz, PhC//=CH).
Preparation o f  2-Methyl-1,4-diphenyl-l-azabuta-l ,3-diene 74
2-Methy 1-4-phenyl-1-oxabuta-1,3-diene 130 (7.31 g, 50 mmol) and aniline 
(4.65 g, 50 mmol) were dissolved in dry toluene to give a yellow solution which 
was stirred under reflux conditions over 3 A  molecular sieves for 48 h. 
Magnesium sulphate was added and reflux continued for a further 24 h. The 
resulting yellow/brown mixture was filtered through magnesium sulphate and 
the solvent removed under reduced pressure to yield a brown oil which 
crystallised on cooling. The crude product was recrystallised from ethanol to 
afford a 3:1 mixture o f E,E  and E,Z  2-methyl-1,4-diphenyl-l-azabuta-l,3-diene 
74 as yellow crystals, (3.0 g, 27 %). Mp 94-96 °C; (found: C, 86.55; H, 6.76; 
N, 5.93 % C16H 15N  requires C, 86.83; H, 6.83; N, 6.32 %); vinax. (nujol) 1 633w 
(C=N) and 1 590 (C=C) cm'1; 5H (300 MHz; CDC13) 2.07 and 2.45 (3H, s, CH f) 
and 6.68-7.56 (12H, m, 2 x PhH , PhCH =CH ).
Synthesis o f  (2 -Methyl- 1,4-diphenyl-l-azabuta-l,3-diene)tricarbonyliron(O) 73 
A  mixture o f 2-methyl-1,4-diphenyl-l-azabuta-l,3-diene 73 (1.0 g, 4.6 mmol) 
and diiron nonacarbonyl (3.27 g, 9.0 mmol) were stirred in toluene (40 ml) at 
40 °C for 3 h under an atmosphere o f nitrogen. The resulting deep red solution
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was filtered through a plug o f alumina and the solvent removed under reduced 
pressure to give the crude product as dark red crystals. Chromatography on 
silica gel eluting with a 1:5 mixture o f diethyl ether and hexane removed traces 
o f unreacted imine and afforded 73 as red crystals, (1.58 g, 95 %). vinax (nujol) 
2 057vs (CO), 1 994vs (CO) and 1 980vs cm'1 (CO); (lit.59 (hexane) 2 060vs 
(CO), 1 995vs (CO) and 1 983vs cm'1 (CO); 6„ (300 MHz; CDC13) 2.42 (3H, s, 
CH 3), 3.20 (lH,d, J  8.9 Hz, PhC//=CH), 5.57 (1H, d, J  8.9 Hz, PhCH=C77) and 
6.74-7.33 (10H, m, 2 x Phtf); (lit.59 8H (220 MHz; CDC13) 2.42 (3H, s, C H 3), 
3.20 (1H, d, J  10 Hz, PhC#=CH), 5.60 (1H, d, J  10 Hz, PhCH=C//) and 6.70- 
7.50 (10H, m, 2 x Ph).
Reaction o f  (2 -Methyl-1,4-diphenyl- 1-azabuta-1,3-diene)tricarbonyliron(O) 73 
with Lithium Diisopropylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added 
di/sopropylamine (0.35 g, 3.46 mmol). zz-BuLi (2.19 ml, 3.50 mmol) was then 
added in a dropwise manner and the resulting solution was stirred for 15 min. 
To the amide solution was added complex 73 (0.25 g, 0.69 mmol) as a degassed 
solution in THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. 
The reaction was quenched with methanol and the resulting mixture was 
allowed to warm to room temperature. Solid residues were removed by 
filtration through alumina and the solvent was removed under reduced pressure 
to give a red gum. !H NM R spectroscopy showed that the major component o f 
this gum was complex 73.
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Reaction o f  (2-Methyl-1,4-diphenyl-1 -azabuta-1,3-diene) tricarbonyliron(O) 73 
with Lithium Diethylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added diethylamine 
(0.25 g, 3.46 mmol). 7?-BuLi (2.19 ml, 3.50 mmol) was then added in a 
dropwise manner and the resulting solution was stirred for 15 min. To the 
amide solution was added complex 73 (0.25 g, 0.69 mmol) as a degassed 
solution in THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. 
The reaction was quenched with methanol and the resulting mixture was 
allowed to warm to room temperature. Solid residues were removed by 
filtration through alumina and the solvent was removed under reduced pressure 
to give a dark yellow gum. This gum was chromatographed on silica gel using 
diethyl ether and hexane (1:10) as the eluent and the first yellow band was 
collected. The solvent was again removed under reduced pressure to afford (2- 
(7Vr-phenylamino)-4-phenylbuta-1,3-diene)tricarbonyliron(0) 132 as a yellow oil 
which solidified on cooling, (0.137 g, 55 %). This solid was recrystallised from 
hexane at -20 °C under an atmosphere o f nitrogen to yield yellow crystals. Mp 
132-134 °C; (found: C, 63.18; H, 4.19; N, 3.88 % C19H15N Fe03 requires C, 
62.93;H, 3.98;N, 3.78 %); vmax (thin film) 2 042vs (CO) and 1 976vs, br cm'1 
(CO); 8h (300 MHz; CDC13) 0.76 (IH , d, J4.6 Hz, O C H p ),  1.82 (IH , d, /  8.1 
Hz, PhCtf=CH), 2.20 (IH , dd, Ja_3 1.7 Hz and Ja.p 4.6 Hz, C=CH a), 5.30 (IH , s 
broad, N H ), 5.63 (IH , d, J  8.0 Hz, PhCH=CH ) and 7.11-7.40 (10H, m, 2 x 
PhH ); Sc (75 MHz; CDC13) 34.55 (C=CH2), 54.33 (C4), 65.03 (C3), 121.05, 
121.21, 123.45, 125.91, 126.13, 128.47, 129.54, 140.69 and 141.41 (2 x Ph and
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C2); m/z (E l) 361 (M +, 15 %), 333 (35, M-CO), 305 (25, M-2CO) and 277 (100, 
M-3CO).
Decomplexation o f  Complex (2-(N-Phenylamino)-4-phenylbuta- 1,3-diene) 
tricarbonyliron(O) 132 with Trimethylamine N-Oxide
To a stirred solution o f complex 132 (0.05 g, 0.14 mmol) in acetone (5ml) was 
added trimethylamine A+oxide (0.123 g, 1.11 mmol) and the resulting mixture 
was heated at reflux temperature for 15 h. The brown solution produced was 
filtered through alumina and the solvent was removed under reduced pressure to 
yield a yellow gum identified as 2-methyl-1,4-diphenyl-1-azabuta-1,3-diene 74 
on the basis o f its !H NM R and IR  spectra.
Reaction o f  (2 -Methyl-1,4-diphenyl-l-azabuta-l,3-diene)tricarbonyliron(0) 73 
with Lithium Isopropylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added 
isopropylamine (0.20 g, 3.46 mmol). «-BuLi (2.19 ml, 3.50 mmol) was then 
added in a dropwise manner and the resulting solution was stirred for 15 min. 
To the amide solution was added complex 73 (0.25 g, 0.69 mmol) as a degassed 
solution in THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. 
The reaction was quenched with methanol and the resulting mixture was 
allowed to warm to room temperature. Solid residues were removed by 
filtration through alumina and the solvent was removed under reduced pressure 
to give a dark yellow gum. This gum was chromatographed on silica gel using 
diethyl ether and hexane (1:10) as the eluent and the first yellow band was
Chanter 8: Experimental 186
collected. The solvent was again removed under reduced pressure to afford (2- 
(iV-phenylamino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 132 as a yellow oil 
which solidified on cooling, (0.045 g, 18 %). This solid was recrystallised from 
hexane at -20 °C under an atmosphere o f nitrogen to yield yellow crystals 
whose spectroscopic and analytical data was consistent with those o f complex 
132.
Reaction o f  (2 -Methyl-1,4-diphenyl-l-azabuta-l,3-diene)tricarbonyliron(O) 73 
with Lithium Benzylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added benzylamine 
(0.37 g, 3.46 mmol). «-BuLi (2.19 ml, 3.50 mmol) was then added in a 
drop wise mamier and the resulting solution was stirred for 15 min. To the 
amide solution was added complex 73 (0.25 g, 0.69 mmol) as a degassed 
solution in THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. 
The reaction was quenched with methanol and the resulting mixture was 
allowed to warm to room temperature. Solid residues were removed by 
filtration through alumina and the solvent was removed under reduced pressure 
to give a dark yellow gum. This gum was chromatographed on silica gel using 
diethyl ether and hexane (1:10) as the eluent and the first yellow band was 
collected. The solvent was again removed under reduced pressure to afford (2- 
(Y-phenylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O) 132 as a yellow oil 
which solidified on cooling, (0.058 g, 23 %). This solid was recrystallised from 
hexane at -20 °C under an atmosphere o f nitrogen to yield yellow crystals
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whose spectroscopic and analytical data was consistent with those o f complex 
132.
Reaction o f  (2 -M ethyl-l,4-diphenyl-1 -azabuta-1,3-diene)tricarbonyliron(0) 73 
with Lithium Dibenzylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added 
dibenzylamine (0.68 g, 3.46 mmol). «-BuLi (2.19 ml, 3.50 mmol) was then 
added in a dropwise manner and the resulting solution was stirred for 15 min. 
To the amide solution was added complex 73 (0.25 g, 0.69 mmol) as a degassed 
solution in THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. 
The reaction was quenched with methanol and the resulting mixture was 
allowed to warm to room temperature. Solid residues were removed by 
filtration through alumina and the solvent was removed under reduced pressure 
to give a dark yellow gum. This gum was chromatographed on silica gel using 
diethyl ether and hexane (1:10) as the eluent and the first yellow band was 
collected. The solvent was again removed under reduced pressure to afford (2- 
(V-phenylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O) 132 as a yellow oil 
which solidified on cooling, (0.120 g, 48 %). This solid was recrystallised from 
hexane at -20 °C under an atmosphere o f nitrogen to yield yellow crystals 
whose spectroscopic and analytical data was consistent with those o f complex 
132.
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Preparation o f  2-Methyl-l-(4-methoxyphenyl)-4-phenyl-l-azabuta-1,3-diene 
139
2-Methyl-4-phenyl-l-oxabuta-1,3-diene 130 (7.31 g, 50 mmol) and 4- 
methoxyaniline (6.20 g, 50 mmol) were stirred together in toluene under reflux 
with 3 A  molecular sieves for 24 h. The resulting mixture was then filtered 
through magnesium sulphate and the solvent was removed under reduced 
pressure to yield the product as an orange/brown gum which crystallised on 
cooling and was recrystallised from ethanol to yield a 3:1 mixture o f E,E  and 
E,Z  139 as yellow crystals, (2.99 g, 24 %). Mp 82-84 °C; (found: C, 81.27; H, 
6.79; N, 5.58 % C17H 17NO requires C, 81.25; H, 6.82; N, 5.57 %); vmax.(nujol) 1 
632w (C=N) and 1 575w cm'1 (C=C); 5H (300 MHz; CDC13) 2.10 and 2.43 (3H, 
s, C/Q, 3.81 (3H, s, OCtf3), 6.73-6.91 (4H, m, Ph//) and 6.98-7.55 (7H, m, 
Ph// and VhCH =CH ); 5C (75 MHz; CDC13) 15.82 (CH3), 55.41 (OCH3), 114.10, 
121.10, 127.31, 127.45, 128.81, 128.96, 131.99, 135.94, 136.90, 144.25, 156.06 
and (2 x Ph and PhCH=CH) and 166.27 (CNN); m/z (FAB) 251 (M +, 50 %) and 
148 (100, M-PhCH=CH).
Synthesis o f  (2-Methyl-1 -(4-methoxyphenyl)-4-phenyl-1 -azabuta-1,3-
diene) tricar bonyliron(O) 138
2-Methyl-l-(4-methoxyphenyl)-4-pheny 1-1-azabuta-1,3-diene 139 (1.00 g, 4.0 
mmol) was dissolved in toluene (20 ml). To the resulting solution was added a 
suspension o f diiron nonacarbonyl (2.91 g, 8.0 mmol) in toluene (20 ml). The 
reaction mixture and the apparatus were degassed and filled with nitrogen and 
the mixture was stirred at 40 °C for 3 h under an atmosphere o f nitrogen. The
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deep red solution was filtered through alumina and the solvent was removed 
under reduced pressure to give a red oil that crystallised on cooling. 
Chromatography on silica gel using diethyl ether and hexane (1:5) as the eluent 
yielded (2-Methyl-1 -(4-methoxyphenyl)-4-phenyl-1 -azabuta-1,3 -diene)-
tricarbonyliron(O) 138 as red crystals, (1.44 g, 92 %). Mp 109-111 °C; (found: 
C, 61.17; H, 4.40; N, 3.58 % C20H17NFeO4 requires C, 61.41; H, 4.38; N, 3.58 
%); vmax. (nujol) 2 049vs (CO), 1 991vs (CO) and 1 977vs cm'1 (CO); 5H (300 
MHz; CDC13) 2.40 (3H, s, CH 3), 3.22 (IH , d, J 8.8 Hz, PhC/A=CH), 3.76 (3H, s, 
O CH f), 5.52 (IH , d, J  8.9 Hz, PhCH=C7/), 6.67-6.79 (4H, 2 x d, J  8.7 Hz, 4- 
MeOC6t f4) and 7.17-7.32 (5H, m, Phtf); Sc (75 MHz; CDCI3) 16.59 (CH3),
55.49 (OCH3), 59.61 (PhCH=CH), 70.83 (PhCH=CH), 114.06, 123.65, 125.61, 
126.52, 126.67, 128.64, 143.23 and 154.75 (2 x Ph and C2); m/z (FAB) 460 (20 
%, M+69), 363 (10, M-CO), 335 (20, M-2CO) and 307 (100, M-3CO).
Reaction o f  (2-Methyl-l-(4-methoxyphenyl)-4-phenyl-l-azabuta-l, 3-
diene)tricarbonyliron(O) 138 Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added diethylamine 
(0.23 g, 3.20 mmol). rc-BuLi (2.01 ml, 3.22 mmol) was then added in a 
dropwise manner and the resulting solution was stirred at 0 °C for 0.25 h. To 
the amide solution was added complex 138 (0.25 g, 0.64 mmol) as a solution in 
THF (5 ml) via a cannula and the dark mixture was stirred for 3 h. The reaction 
was quenched with methanol and the resulting mixture was allowed to warm to 
room temperature before solid residues were removed by filtration through 
alumina. The solvent was removed under reduced pressure to give a dark
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yellow gum. This gum was chromatographed on silica gel using diethyl ether 
and hexane (1:10) as the eluent and the first yellow band was collected. The 
solvent was removed under reduced pressure to afford (2-(7V-(4- 
methoxyphenyl)amino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 140 as a 
yellow oil which solidified in vacuo, (0.11 g, 41 %). This solid was 
recrystallised from hexane at -20 °C under an atmosphere o f nitrogen. Mp 132- 
133 °C; (found: C, 60.74; H, 4.19; N, 3.50 % C20H17NFeO4 requires C, 61.41; 
H, 4.38; N, 3.58 %); vmax. (thin film) 2 036s (CO) and 1 960s cm^CO); 6H (300 
MHz; CDC13) 0.67 (1H, d, J  4.8 Hz, C =C H P), 1.84 (1H, d, J  8.1 Hz, 
PhCT/=CH), 2.06 (1H, dd, Ja_3 1.7 Hz and Ja_p 4.7 Hz, C=CH a\  3.64 (3H, s, 
OCH 3\  5.06 (1H, s broad, N H ), 5.39 (1H, d, J  8.1 Hz, PhCH=Ctf) and 6.94- 
7.26 (10H, m, 2 x PhH ); 6C 32.48 (C=CH2), 54.53 (C4), 55.49 (OCH3), 63.42 
(C3), 114.79, 124.32, 125.16, 125.76, 126.07, 128.39, 132.61, 141.66 and 
156.89 (2 x Ph and C2); m/z (E l) 391 (M +, 7 %), 363 (25 M-CO), 335 (20 M- 
2CO) and 307 (100, M-3CO).
Preparation o f  (2-Methyl-l-benzyl-4-phenyl-l-azabuta-1,3-diene)tricarbonyl 
iron(0) 141
2-Methy 1-4-phenyl-1-oxabuta-1,3-diene 130 ( 1.00 g, 6.84 mmol) was dissolved 
in toluene (5 ml) and to this solution was added benzylamine (0.73 g, 6.84 
mmol). This mixture was stirred at room temperature for 4 days until the 
solution had darkened. The solvent was then removed under reduced pressure 
to give a brown gum which was analysed by 'H NM R  to ensure satisfactory 
formation o f 2-methyl-l-benzyl-4-phenyl-l-azabuta-1 -diene 142. SH (300
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MHz; CDCI3) 2.16 (3H, s, C//3), 4.66 (2H, s, C//2Ph), 6.96 (IH , d, J  16.6 Hz, 
PhCHCZZ), 7.06 (IH , d, J  16.6 Hz, PhCtf=CH) and 7.21-7.54 (10H, m, 2 x 
Ph#)- The gum was then redissolved in toluene (10 ml) and a suspension o f 
diiron nonacarbonyl (4.98 g, 13.68 mmol) in toluene (10 ml) was added. The 
resulting mixture was repeatedly degassed and filled with nitrogen and then 
stirred at 40 °C under an atmosphere o f nitrogen for 3 h. The resulting red 
solution was filtered through alumina, removing particles o f iron metal and 
unreacted diiron nonacarbonyl. The solvent was removed under reduced 
pressure to give the crude product as a red gum. Chromatography was 
performed on silica gel eluting with a 1:5 mixture o f ethyl acetate and hexane 
and the first red band was collected. Removal o f the solvent yielded complex 
141 as a red crystalline solid, (1.28 g, 50 %). Mp 95-97 °C; (found: C, 63.89; 
H, 4.45; N, 3.64 % C20H l7NFeO3 requires C, 64.02; H, 4.57; N, 3.73 %); vmax. 
(nujol) 2 050vs (CO), 1 988vs (CO) and 1 965vs cm'1 (CO); 5H (300 MHz; 
CDC13) 2.45 (3H, s, C//3), 2.92 (IH , d, J  8.7 Hz, Ph C tfC H ), 3.41 (IH , d, J  
15.4 Hz, NCHtfPh), 4.03 (IH , d, J  15.4 Hz, NC/ZHPh), 5.43 (IH , d, J  8.7 Hz, 
PhCH=C//) and 7.12-7.37 (10H, m, 2 x Ph//); 8C (75 MHz; CDC13) 15.25 
(CH3), 58.18 (C4), 58.49 (NCH2Ph), 70.33 (C3), 126.12, 126.54, 127.07, 
127.86, 128.29, 128.48, 129.83, 140.00 and 140.19 (2 x Ph and C2); m/z (FAB) 
375 (M +, 5 %), 347 (25, M-CO), 319 (45, M-2CO) and 291 (100, M-3CO).
Reaction o f  (2 -Methyl- l-benzyl-4-phenyl-l -azabuta-1,3-diene) tricarbonyl
iron(O) 141 with Lithium Diethylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added diethylamine 
(0.05 g, 0.65 mmol). rc-BuLi (0.43 ml, 0.7 mmol) was then added in a dropwise 
manner and the resulting solution was stirred 0.25 h. A  solution o f  complex 
141 (0.05 g, 0.13 mmol) in THF (5 ml) was added via a cannula and the dark 
mixture was stirred for 3 h. The reaction was quenched with methanol and the 
resulting mixture was allowed to warm to room temperature before solid 
residues were removed by filtration through alumina. The solvent was removed 
under reduced pressure to give a dark yellow gum. This gum was 
chromatographed on silica gel using diethyl ether and hexane ( 1:10)  as the 
eluent. The solvent was again removed under reduced pressure to afford (2- (N -  
benzylamino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 143 as a yellow oil 
which solidified in vacuo, (0.030 g, 60 %). This solid was recrystallised from 
hexane at -20 °C under an atmosphere o f nitrogen. Mp 58-60 °C; (found: C, 
64.01; H, 4.46; N, 3.72 %, C20H17NFeO3 requires, C, 64.02; H, 4.57; N, 3.73 
%); vmax (thin film) 2 034vs (CO) and 1 955vs, br cm'1 (CO); 8H (300 MHz; 
CDC13) 0.57 (IH , d, J4.8 Hz, C=CHp),  1.84 (IH , d, J8.1 Hz, PhC//=CH), 1.93 
(IH , dd, Ja_3 1.6 Hz and Ja_p 3.0 Hz, C=CH a), 3.51 (IH , m broad, N H ), 4.19 
(IH , dd, J  4.5 and 13.2 Hz, PhCM-INH), 4.36 (IH , dd, J  6.0 and 13.1 Hz, 
PhCHtfNH), 5.24 (IH , d, J  7.9 Hz, PhCH=C//) and 7.10-7.42 (10H, m, 2 x 
Phi/); 8C (75 MHz; CDC13) 32.02 (C=CH2), 49.08 (NHCH2Ph), 54.47 (C4), 
62.22 (C3), 125.73, 126.07, 126.48, 127.69, 128.02, 128.42, 128.91, 137.60 and 
141.61 (2 x Ph and C2); m/z (EI) 375 ( 10 %, M +).
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Preparation o f  (2-Methyl-l-isopropyl-4-phenyl-l-azabuta-1,3-diene)
tricarbonyliron(O) 144
2-Methyl-4-pheny 1-1-azabuta-1,3-diene 130 ( 1.00 g, 6.84 mmol) was dissolved 
in toluene (5 ml) and to this solution was added isopropylamine (0.59 ml, 6.84 
mmol). This mixture was stirred at room temperature for 4 days until the 
solution had darkened. The solvent was then removed under reduced pressure 
to give a brown gum which was analysed by *H nmr to ensure satisfactory 
formation o f 2-methyl-l-isopropyl-4-phenyl-l-azabuta-1-diene 145. 8H (300 
MHz; CDC13) 1.18 (6H, d, J  6.2 Hz, CH(C773)2), 2.04 (3H, s, C H 3), 3.79 (1H, 
septet, J  6.2 Hz, Ctf(CH3)2), 6.86 (1H, d, J  16.6 Hz, PhCH=Gfr), 6.95 (1H, d, J
16.6 Hz, PhC/Y=CH) and 7.21-7.69 (5H, m, Phtf); 6C (75 MHz; CDC13) 12.66 
(CH(CH3)2), 23.28 (CH3), 50.50 (CH(CH3)2), 126.59, 128.11, 128.35, 132.89, 
134.18 and 136.01 (Ph and PhCH=CH) and 162.59 (C=N). The gum was then 
redissolved in toluene (10 ml) and a suspension o f diiron nonacarbonyl (4.98 g, 
13.68 mmol) in toluene (20 ml) was added. The resulting mixture was 
repeatedly degassed and filled with nitrogen and then stirred at 40 °C under an 
atmosphere o f nitrogen for 3 h. The red solution produced was filtered through 
alumina to remove solid residues and the solvent was removed under reduced 
pressure to give the crude product as a red gum. Chromatography was 
performed on silica gel eluting with a 1:4 mixture o f diethyl ether and hexane 
and the first red band was collected. Removal o f the solvent yielded complex 
(2-methyl-1-isopropy 1-4-phenyl-1-azabuta-1,3-diene)tricarbonyliron(O) 144 as a 
red crystalline solid, (0.95 g, 43 %). Mp 92-94 °C; (found: C, 58.44; H, 5.18; 
N, 4.30 % C 16H 17N Fe03 requires C, 58.74; H, 5.24; N, 4.28 %); vmax. (C4C16) 2
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047 vs (CO), 1 984vs (CO) and 1 964vs cni1 (CO); 5H (300 MHz; CDC13) 1.10 
(3H, d, J  6.2 Hz, CH(Ctf3)2), 1.19 (3H, d, J  6.2 Hz, CH(C/73)2), 2.41 (3H, s, 
C(C//3)N ), 2.59 (IH , sept, J  6.2 Hz, C//(CH3)2), 2.90 (IH , d, J  8.8 Hz, 
PhC//==CH), 5.37 (IH , d, J 8.8 Hz, PhCH=Ctf) and 7.13-7.28 (5H, m, Ph/2); 5C 
(75 MHz; CDC13) 14.98 (CH3), 23.86 (CH(CH3)2), 27.07 (CH(CH3)2), 52.49 
(CH(CH3)2), 58.94 (C4), 70.01 (C3), 126.12, 126.52, 127.77, 128.47 and 140.02 
(Ph and C2); m/z (FAB) 299 (33, M-CO), 271 (80, M-2CO), and 243 (100, M- 
3CO).
Reaction o f  (2-Methyl-l-isopropyl-4-phenyl-l-azabuta-l, 3-diene)tricarbonyl 
iron(0) 144 with Lithium Diethylamide Followed by a Methanol Quench 
To THF (5 ml) at 0 °C under an atmosphere o f nitrogen was added diethylamine 
(0.14 g, 2.06 mmol). rc-BuLi (1.31 ml, 2.10 mmol) was then added in a 
dropwise manner and the resulting solution was stirred for 0.25 h. A  solution o f 
complex 144 (0.135 g, 0.41 mmol) in THF (5 ml) was added via a cannula and 
the dark mixture was stirred for 3 h. The reaction was quenched with methanol 
and the resulting mixture was allowed to warm to room temperature before 
solid residues were removed by filtration through alumina. The solvent was 
removed under reduced pressure to give a dark yellow gum. This gum was 
chromatographed on silica gel using diethyl ether and hexane ( 1:10) as the 
eluent and the first yellow band was collected. The solvent was removed under 
reduced pressure to afford (2-(iV-isopropylamino)-4-phenylbuta-l,3- 
diene)tricarbonyliron(0) 146 as a yellow oil, (0.061 g, 45 %). Mp 49-50 °C; 
(found: C, 58.70; H, 5.28; N, 4.29 %, C16H17NFe03 requires, C, 58.74; H, 5.24; 
N, 4.28 %); vniax (thin film) 3 418br (NH), 2 031vs (CO) and 1 951vs, br cm'1
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(CO); 8h (300 MHz; CDC13) 0.48 (1H, d, J  4.5 Hz, C=CH p), 1.26 (3H, 2 x d, J  
6.3 Hz, CH(Ctf3)2), 1.31 (3H, d, J6.3 Hz, CH(CH3)2), 1.80 (1H, m, C = C H a), 
1.84 (1H, d, J  7.7 Hz, PhC77=CH), 3.24 (1H, s broad, N H ), 3.61 (1H, m, 
C/7(CH3)2), 5.12 (1H, d, J  7.7 Hz, P h C H C tf) and 7.07-7.27 (5H, m, Ph/7); 8C 
(75 MHz; CDC13) 22.19 (CH(CH3)2), 23.67 (CH(CH3)2), 30.86 (C=CH2), 44.66 
(CH(CH3)2), 54.53 (C4), 60.65 (C3), 125.56, 126.03, 127.44, 128.37 and 142.34 
(Ph and C=  CH2).
Synthesis o f  (2 -Methyl-l-(S-l-phenylethyl)-4-phenyl-1-azabuta-1,3-diene)
tricarbonyliron(O) 155a and 155b
2-Methy 1-4-phenyl-1-oxabuta-1,3-diene 130 (0.50 g, 3.42 mmol) and S -1- 
phenylethylamine (0.41 g, 3.42 mmol) were dissolved in toluene (5 ml) and 
then stirred at room temperature for 4 days. ’H NM R  spectroscopy confirmed 
formation o f imine 157. 5H (300 MHz; CDC13) 1.55 (3H, d, J  6.5 Hz, 
NCH(Ctf3)Ph), 2.09 (3H, s, C(C//3)N ), 4.79 (1H, q, J  6.5 Hz, NC7/(CH3)Ph). 
Diiron nonacarbonyl (2.49 g, 6.84 mmol) was then added as a suspension in 
toluene (10 ml) and the resulting mixture was degassed and then stirred at 40 °C 
for 3 h under an atmosphere o f nitrogen. The solvent was removed in vacuo 
and the residue was redissolvled in ether, filtered through alumina and the 
solvent was again removed to afford the crude products 155a and 155b in a 2:1 
ratio as a red gum. Chromatography on silica gel using diethyl ether and 
hexane (1:50) as the eluent afforded 155a and 155b a red gums, (0.54 g, 40 %). 
The major diastereoisomer 155a elutes first and was crystallised from hexane at 
-20 °C to obtain a melting point and microanalytical data. Mp 106-108 °C;
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(found: C, 64.80; H, 4.77; N, 3.47 % C21H19NFe03 requires C, 64.80; H, 4.92; 
N, 3.60 %); vmax (hexane) 2 051 vs (CO), 1 990vs (CO) and 1 970vs cm’1 (CO); 
5h [155a] (300 MHz; CDC13) 1.47 (3H, d, J  6.5 Hz, NCH (Ctf3)Ph), 2.11 (3H, s, 
C(Ci/3)N ), 3.09 (IH , d, J  8.8 Hz, PhC#=CH), 3.48 (IH , q, J  6.4 Hz, 
NC//(CH3)Ph), 5.36 (IH , d, J  8.7 Hz, PhCH=Ci7) and 7.15-7.32 (10H, m, 2 x 
Ph/Q; 5h [155b] (300 MHz; CDC13) 1.40 (3H, d, J  6.5 Hz, NCH(C/73)Ph), 2.55 
(3H, s, C(CZ/3)N ), 2.95 (IH , d, J  8.8 Hz, PhC#=CH), 3.52 (IH , q, J  6.4 Hz, 
NCZ7(CH3)Ph), 5.39 (IH , d, J8.7 Hz, PhCH=CH ) and 7.09-7.38 (10H, m, 2 x 
Ph/Q; Sc [155a] (75 MHz; CDC13) 16.06 (C(CH3)N ), 28.45 (NCH(CH3)Ph), 
59.25 (NCH(CH3)Ph), 62.07 (C4), 70.38 (C3), 126.24, 126.58, 126.60, 126.69, 
128.35, 128.54, 139.89 and 146.18 (2 x Ph and C2); 8C [155b] (75 MHz; 
CDC13) 15.11 (C(CH3)N ), 25.63 (NCH(CH3)Ph), 58.69 (NCH(CPI3)Ph), 62.96 
(C4), 71.11 (C3), 126.07, 126.48, 127.15, 128.46, 128.86, 139.92 and 147.40 (2 
x Ph and C2).
Reaction o f  (2-Methyl- l-(S-l-phenylethyl)-4-phenyl-1 -azabuta-1,3-diene)
tricarbonyliron(O) 155a and 155b with Lithium Diethylamide Followed by a 
Methanol Quench
Diethylamine (0.09 g, 1.28 mmol) was dissolved in THF and cooled to 0 °C. n- 
BuLi (0.81 ml, 1.30 mmol) was added and the resulting solution was stirred for 
0.25 h. A  solution o f the 2:1 mixture o f complexes 155a and 155b (0.10 g, 0.26 
mmol) was added as a degassed solution in THF. The resulting mixture was 
stirred for 3 h at 0 °C under an atmosphere o f nitrogen and then the reaction was 
quenched with methanol. The mixture was allowed to warm to room
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temperature and then filtered through alumina before the solvent was removed 
under reduced pressure to give a 10:1 mixture of the diastereoisomers o f (2-N -  
(S -1 -phenylethyl)amino-4-phenylbuta-1,3-diene)tricarbonyliron(0) 156a and 
156b as a yellow gum. Chromatography on silica gel using diethyl ether and 
hexane (1:50) as the eluent afforded a single diastereoisomer of 156 as a yellow 
gum, (0.043 g, 43 %). The major diastereoisomer eluted first but could not be 
crystallised from hexane. vmax (C4C16) 2 038vs (CO), 1 973vs (CO ) and 1 957vs 
cm'1 (CO); SH [major] (300 MHz; CDC13) 0.56 (IH , d, J4.5 Hz, C=C//p), 1.49 
(3H, d, J6.8 Hz, NHCH(C//3)Ph), 1.74 (IH , d, J8.1 Hz, PhC//=CH), 1.97 (IH , 
dd, Ja_3 1.7 Hz and Ja_p 4.6 Hz, C=CH a), 3.51 (IH , s broad, N//), 4.35 (IH , dq, J
2.9 and 6.8 Hz, NHC//(CH3)Ph), 4.88 (IH , d, J7.9 Hz, PhCH=C/7) and 6.98- 
7.53 (10H, m, 2 x Ph/7); 5H [minor] (300 MHz; CDC13) 0.37 (IH , d, J  5.0 Hz, 
C=CZ/p), 1.56 (3H, d, J  6.8 Hz, NHCH(C//3)Ph), 5.17 (IH , d, J  7.7 Hz, 
PhCH=C/7); 5C [major] 25.07 (NHCH(CH3)Ph), 33.26 (C=CH2), 54.56 and
55.50 (NHCH(CH3)Ph and C4), 63.07 (C3), 125.59, 125.77, 125.94, 127.47, 
128.32, 129.09, 141.80 and 145.05 (2 x Ph and C2).
Reaction o f  (2 -M e th y l-l,4 -d ipheny l-l-azabuta -l,3 -d iene)trica rbonyliron (O ) 73 
with L ith ium  Diethylam ide Fo llow ed  by a M ethyl Iod ide Quench  
Diethylamine (0.01 g, 1.38 mmol) was dissolved in THF (5 ml) at 0 °C  
followed by rc-BuLi (0.88 ml, 1.40 mmol) and the resulting solution was stirred 
for 15 min. A  solution of complex 73 (0.10 g, 0.28 mmol) in THF was added 
via  a cannula and the resulting dark solution was stirred for 3 h at 0 °C under an 
atmosphere of nitrogen. The reaction was quenched with methyl iodide and the
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mixture was allowed to warm to room temperature before being filtered through 
alumina to remove solid residues. The solvent was removed under reduced 
pressure to give crude as a yellow gum. Chromatography on silica gel using 
ether and hexane (1:10) as the eluent afforded a yellow oil which solidified in a 
vacuum, (0.085 g, 82 %). This solid was readily crystallised from hexane at -20 
°C to yield (2-(V-methyl-A+phenylamino)-4-phenylbuta-1,3-
diene)tricarbonyliron(O) 158 as yellow crystals. Mp 101 °C; (found: C, 64.02;
H, 4.42; N, 3.64 %, C20H 17NFeO3 requires, C, 64.02; H, 4.57; N , 3.73 %); vmax. 
(thin film) 2 038vs (CO) and 1 973vs, br cm"1 (CO); 8H (300 MHz; CDC13) 0.67 
(1H, d, J  5.0 Hz, C=CH fi), 1.86 (1H, d, J8.2 Hz, PhCtf=CH), 2.09 (1H, dd, Ja,3
I.8 Hz and Ja.p 5.0 Hz, C=CH a), 3.28 (3H, s, NCi73), 5.19 (1H, d, J  7.7 Hz, 
PhCH= C H ) and 7.10-7.41 (10H, m, 2 x Ph//); 5C (75 MHz; CDC13) 35.30 
(C=CH2), 38.70 (NCH3), 55.15 (C4), 63.05 (C3), 124.93, 125.06, 125.77, 
126.10,127.20, 128.41,129.45,141.84 and 146.87 (2 x Ph and C2).
Reaction o f  (2 -M eth y l-1,4-diphenyl-1-azabuta-1,3-d iene)tricarbonyliron (0 ) 73 
with L ith ium  Diethylam ide Fo llow ed  by a Benzyl Brom ide Quench 
Diethylamine (0.01 g, 1.38 mmol) was added to THF (5 ml) at 0 °C under an 
atmosphere o f nitrogen. «-BuLi (0.88 ml, 1.40 mmol) was added and the 
resulting solution was left to stir for 0.25 h. A  solution o f complex 73 (0.1 Og, 
0.28 mmol) in THF (5 ml) was then added via a cannula to the solution of the 
anion and the resulting mixture was stirred at 0 °C for 3 h under an atmosphere 
of nitrogen. The reaction was then quenched with benzyl bromide and the 
mixture was allowed to warm to room temperautre. The dark solution was
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filtered through alumina and the solvent was removed under reduced pressure to 
give the crude product as a dark yellow gum. This gum was chromatographed 
on silica gel using diethyl ether and hexane (1:50) as the eluent. The first 
yellow band contains (2-(Ar-benzyl-A-phenylamino)-4-phenylbuta-1,3- 
diene)tricarbonyliron(O) 159 which, after removal of the solvent, is afforded as 
a yellow oil, (0.060 g, 46 %). The oil was crystallised from hexane at -20 °C. 
Mp 119-121 °C ; (found: C, 69.74; H, 4.64; N, 2.86 % C26H21NFe03 requires C, 
69.20; H, 4.96; N, 3.10 %); vinax (thin film) 2 038vs (CO), 1 973vs (CO ) and 1 
961 vs cm'1 (CO); 8H (300 MHz; CDC13) 0.72 (IH , d, J  5.0 Hz, O C H p ),  1.80 
(IH , d, J  8.1 Hz, PhC tfC H ), 2.14 (IH , dd, Ja_3 1.9 Hz and Ja.p 5.1 Hz, 
C = C H a), 4.73 (IH , d, J  16.6 Hz, PhCHflN), 5.03 (IH , d, J  16.6 Hz, PhCH H N ), 
5.14 (IH , d, J  7.6 Hz, PhCH=CH ) and 7.01-7.40 (15H, m, 3 x Ph-H ); 8C (75 
MHz; CDC13) 37.17 (C=CH2), 55.15 (C4), 55.90 (CH2Ph), 64.29 (C3), 125.30, 
125.77, 125.83, 126.05, 126.64, 127.35, 128.39, 128.84, 129.69, 138.15 and 
141.71 (3 x Ph and C2).
Reaction o f  (2 -M eth y l-1,4-diphenyl-1 -azabuta-1,3-d iene)tricarbonyliron (O ) 73 
with L ithium  Diethylam ide F o llow ed  by an A lly l Brom ide Quench  
A  solution of lithium diethylamide was prepared by dissolving diethylamine 
(0.01 g, 1.38 mmol) in THF (5 ml) and then adding rc-BuLi (0.88 ml, 1.40 
mmol) at 0 °C under an atmosphere of nitrogen. The resulting solution was 
stirred for 0.25 h and then a solution of complex 73 (0.1 g, 0.28 mmol) in THF 
(5 ml) was added via a cannula. The resulting mixture was stirred for 3 h at 0 
°C under an atmosphere of nitrogen. The reaction was then quenched with allyl
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bromide and the ice-bath was removed. Stirring was continued for a further 
0.25 h. The dark solution was filtered through alumina and the solvent was 
removed under reduced pressure to give the crude product mixture as a brown 
gum. Chromatography of this gum on silica gel using diethyl ether and hexane 
(1:10) as the eluent afforded (2-(V-(2-propenyl)-/V-phenylamino)-4-phenylbuta-
l,3-diene)tricarbonyliron(0) 160 as a yellow oil, (0.038 g, 34 %). vmax (thin 
film) 2 034vs (CO) and 1 958vs, br cm'1 (CO); 5H (300 MHz; CDC13) 0.68 (IH , 
d, J5.1 Hz, C = C 1.82 (IH , d, J8.1 Hz, PhC//=CH), 2.10 (IH , dd, Ja_3 1.9 
Hz and Ja.p 5.1 Hz, C=CH a), 4.15-4.43 (2H, m, NC//2CH=CH2), 5.18 (IH , d, J
7.5 Hz, PhCH=C//), 5.22-5.41 (2H, m, NCH2CH=C/72), 5.94-6.05 (IH , m, 
NCH 2C//=CH2) and 7.07-7.42 (10H, m, 2 x Ph//); Sc (75 MHz; CDC13) 36.01 
(C=CH2), 54.52 (NCH2CH=CH2), 55.07 (C4), 63.58 (C3), 117.03
(NCH2CH=CH2), 125.46, 125.75, 126.05, 126.10, 127.56, 128.41, 129.61, 
133.69, 141.93 and 145.92 (2 x Ph, C2 and NCH2CH=CH2).
Reaction o f  (2 -M ethyl~ l-(4 -m ethoxyphenyl)-4 -phenyl-l-azabuta-l, 3-diene) 
tricarbonyliron (O ) 138 Fo llow ed  by a M ethyl Iodide Quench 
Diethylamine (0.09 g, 1.28 mmol) was dissolved in THF (5 ml) and the solution 
was cooled to 0 °C. To this solution was added rc-BuLi (0.81 ml, 1.30 mmol) 
and the resulting solution was stirred for 0.25 h. A  solution o f complex 138 
(0.10 g, 0.26 mmol) in THF (5 ml) was added via a cannula and the resulting 
dark solution was stirred for 3 h at 0 °C under an atmosphere of nitrogen and 
then the reaction was quenched with methyl iodide. The mixture was allowed 
to warm to room temperature and then was filtered through alumina to remove
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solid residues and particulate iron. The solvent was removed under reduced 
pressure to give the crude product as a yellow gum. Chromatography on silica 
gel using ether and hexane (1:10) as the eluent afforded (2-(jV-methyl-iV-(4- 
methoxyphenyl)amino)-4-phenylbuta-l,3-diene)-tricarbonyliron(0) 161 as a 
yellow oil which solidified under vacuum, (0.048 g, 46 %). This solid was 
readily crystallised from hexane at -20 °C. Mp 124-126 °C; (found: C, 62.10; 
H, 4.56; N , 3.45 %, C21H 19NFe04 requires, C, 62.24; H, 4.73; N, 3.45 %); vinax. 
(thin film) 2 036vs (CO), 1 971vs (CO ) and 1 954vs cm'1 (CO ); 8H (300 MHz; 
CDC13) 0.55 (1H, d, J5.2 Hz, C=CH fl), 1.85 (1H, d, J8.2 Hz, PhC/7=CH), 2.02 
(1H, dd, Ja_3 1.9 Hz and Ja.p 5.1 Hz, C=CH a\  3.20 (3H, s, NC773), 3.83 (3H, s, 
OC773), 5.05 (1H, d, J 1 .6  Hz, PhCH=C77) and 6.93-7.23 ( H, m, 2 x Ph/7); 5C 
(75 MHz; CDC13) 32.68 (C=CH2), 39.25 (NCH3), 55.36 (C4), 55.46 (OCH3), 
62.18 (C3), 114.77, 125.66, 126.07, 126.95,128.35, 128.83, 139.33, 142.00 and
157.51 (2 x Ph and C2).
Reaction o f  (2 -M ethyl- l-(4 -m ethoxyphenyl)-4 -phenyl-1 -azabuta-1,3-diene) 
tricarbonyliron (O ) 138 Fo llow ed  by a Benzyl Brom ide Quench 
Diethylamine (0.09 g, 1.28 mmol) was added to THF (5 ml) at 0 °C under an 
atmosphere of nitrogen. n-BuLi (0.81 ml, 1.30 mmol) was added to form the 
anion and the solution was stirred for 0.25 h. A  solution of complex 138 (0.10 
g, 0.26 mmol) THF (5 ml) was then added via a cannula to the solution o f the 
anion and the resulting mixture was stirred at 0 °C for 3 h under an atmosphere 
of nitrogen. The reaction was then quenched with benzyl bromide and the 
mixture was allowed to warm to room temperautre. The dark solution was
Chapter 8: Experimental 202
filtered through alumina and the solvent was removed under reduced pressure to 
give the crude product as a dark yellow gum. This gum was chromatographed 
on silica gel eluting with a 1:50 mixture of diethyl ether and hexane. The first 
yellow band contains (2-(Ar-benzyl-A-(4-methoxyphenyl)amino)-4-phenylbuta-
1,3-diene)tricarbonyliron(0) 162 which after removal o f the solvent is afforded 
as a yellow oil, (0.034 g, 27 %). vmax (thin film) 2 034vs (CO ) and 1 967vs, br 
cm"1 (CO); 8H (300 MHz; CDC13) 0.60 (IH , d, J5.2 Hz, C=CH fi), 1.80 (IH , d, J
8.1 Hz, PhC//=CH), 2.06 (IH , dd, Ja_3 1.8 Hz and Ja.p 5.2 Hz, C=CH a), 3.80 
(3H, s, OCH 3), 4.63 (IH , d, J  16.2 Hz, PhCH/TN), 4.88 (IH , d, J  16.2 Hz, 
PhC/THN), 5.02 (IH , d, J  7.7 Hz, PhCH=CH ) and 6.70-7.38 (15H, m, 3 x 
Ph/7); Sc (75 MHz; CDC13) 34.81 (C=CH2), 55.34 (C4), 55.42 (OCH3), 56.37 
(NCH2Ph), 63.30 (C3), 114.92, 125.86, 126.04, 126.92, 127.33, 127.97, 128.31, 
129.09, 137.99, 141.76 and 141.90 (3 xPhandC2).
Reaction o f  (2 -M ethy l- l-(4 -m ethoxyphenyl)-4 -phenyl-1 -azabuta-1,3-diene) 
tricarbonyliron (O ) 138 Fo llow ed  by an A lly l Brom ide Quench  
A  solution o f lithium diethylamide was prepared by dissolving diethylamine 
(0.09 g, 1.28 mmol) in THF (5 ml) and then adding «-BuLi (0.81 ml, 1.30 
mmol) at 0 °C under an atmosphere o f nitrogen. The anionic solution was 
stirred for 0.25 h. To this solution was added a solution of complex 138 (0.10 
g, 0.26 mmol) in THF (5 ml) via  a cannula. The resulting mixture was stirred 
for 3 h at 0°C under an atmosphere of nitrogen. The reaction was then 
quenched with allyl bromide and the ice-bath was removed. The dark solution 
was filtered through alumina and the solvent was removed under reduced
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pressure to give the crude product mixture as a brown gum. Chromatography of 
this gum on silica gel using diethyl ether and hexane (1:10) afforded (2-(7V-(2- 
propenyl)-jV-(4-methoxyphenyl)amino)-4-phenylbuta-1,3-diene)- 
tricarbonyliron(O) 163 as a yellow oil, (0.025 g, 22 %). vmax (thin film) 2 036s 
(CO), 1 971s (CO ) and 1 956s cm'1 (CO); 5H (300 MHz; CDC13) 0.57 (IH , d, J
5.2 Hz, C=CH fi), 1.81 (IH , d, J8.1 Hz, PhC/7=CH), 2.03 (IH , dd, Ja_3 1.8 Hz 
and Ja.p 5.2 Hz, C=CH a), 3.84 (3H, s, OCH 3), 4.06-4.29 (2H, m, 
NCtf2CH=CH2), 5.03 (IH , d, J  7.7 Hz, PhC H C tf), 5.20-5.36 (2H, m, 
NCH 2CH=C//2), 5.93-6.02 (IH , m, NCH 2Ctf=CH2) and 6.93-7.26 (9H, m, 2 x 
Ph//); 5C (75 MHz; CDC13) 33.63 (C=CH2), 55.07 (NCH 2CH=CH2), 55.23 
(C4),55.45 (OCH3), 62.48 (C3), 117.12 (NCH2CH=CH2), 114.88, 125.64, 
126.08, 128.19, 128.36, 129.13, 133.60, 138.22 and 142.10 (2 x Ph, C2 and 
NCH 2CH=CH2).
Reaction o f  (2 -M ethy l-1-benzyl-4-phenyl- l-a zabu ta -l, 3-diene) tricarbonyl
iron (0 ) 141 with L ith ium  Diethylam ide Follow ed  by a M ethyl Iod ide Quench  
Diethylamine (0.01 g, 1.35 mmol) was dissolved in THF (5 ml) and the solution 
was cooled to 0 °C. To this solution was added «-BuLi (0.88 ml, 1.4 mmol) 
and the resulting mixture was stirred for 0.25 h. A  solution o f complex 141 
(0.10 g, 0.27 mmol) in THF (5 ml) was added via a cannula in a dropwise 
fashion. The resulting dark solution was stirred for 3 h at 0 °C under an 
atmosphere o f nitrogen and then the reaction was quenched with methyl iodide. 
The mixture was allowed to warm to room temperature and then was filtered 
through alumina to remove solid residues and particulate iron. The solvent was
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removed under reduced pressure to give the crude product as a yellow gum. 
Chromatography on silica gel eluting with a 1:10 mixture o f ether and hexane 
collecting the first yellow band afforded (2-(V-methyl-7V-benzylamino)-4- 
phenylbuta-l,3-diene)triearbonyliron(0) 164 as a yellow oil which solidified 
under vacuum, (0.061 g, 58 %). This solid was readily crystallised from hexane 
at -20 °C. Mp 78-79 °C; (found: C, 64.63; H, 4.79; N , 3.59 % C21H 19NFe03 
requires C, 64.80; H, 4.92; N , 3.60 %); vinax. (thin film) 2 037s (CO), 1 972s 
(CO ) and 1 955s cm"1 (CO); 5H (300 MHz; CDC13) 0.49 (1H, d, J  5.2 Hz, 
C=CH p\  1.84 (1H, d, J  8.0 Hz, PhC/7=CH), 2.20 (1H, dd, Ja.3 2.0 Hz and
5.1 Hz, C =C Ha), 2.85 (3H, s, NC//3), 4.23 (1H, d, J  15.8 Hz, PhCHTTN), 4.35 
(1H, d, J  15.8 Hz, PhC/THN), 5.12 (1H, d, 7 7.2Hz, PhCH=C/7) and 7.09-7.39 
(10H, m, 2 x PIi/7); 5C (75 MHz; CDC13) 31.61 (C=CH2), 38.27 (NCH3), 55.33 
(C4), 56.38 (NCH2Ph), 61.65 (C3), 125.66, 126.08, 127.24, 127.50, 128.38, 
128.81, 129.44, 137.56 and 142.09 (2 x Ph and C2).
Reaction o f  (2 -M ethy l-l-benzy l-4 -ph eny l-l-azabuta-1,3-d iene)-tricarbony l 
iron (0 ) 141 With L ithium  Diethylam ide Follow ed  by a Benzyl Brom ide Quench 
Diethylamine (0.01 g, 1.35 mmol) was added to THF (5 ml) at 0 °C under an 
atmosphere of nitrogen. zz-BuLi (0.88 ml, 1.40 mmol) was added to form the 
anion and the solution was left to stir for 0.25 h. A  solution of complex 141 
(0.10 g, 0.27 mmol) in THF (5 ml) was then added via  a cannula and the 
resulting mixture was stirred at 0 °C for 3 h under an atmosphere o f nitrogen. 
The reaction was then quenched with benzyl bromide and the mixture was 
allowed to warm to room temperadtre. The dark solution was filtered through
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alumina and the solvent was removed under reduced pressure to give the crude 
product as a dark yellow gum. This gum was chromatographed on silica gel 
eluting with a 1:50 mixture of diethyl ether and hexane. The first yellow band 
contains (2-(iV,/V-dibenzylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O)
165 which after removal of the solvent is afforded as a yellow oil, (0.047 g, 38 
%)• vinax. (thin film) 2 033vs (CO) and 1 942vs br cm'1 (CO); 8H (300 MHz; 
CDC13) 0.48 (IH , d, <75.4 Hz, C =C H P\  1.79 (IH , d, .78.0 Hz, PhC/7=CH), 2.21 
(IH , dd, Ja.3 1.9 Hz and Ja_p 5.3 Hz, C=C/7a), 4.33 (2IT, d, J  15.9 Hz, 2 x 
PhCHT/N), 4.51 (2H, d, J  15.9 Hz, 2 x PhCTZHN), 5.19 (IH , d, J  7.4 Hz, 
PhCH=C7/) and 7.05-7.38 (15H, m, 3 x PhTT); 5C (75 MHz; CDC13) 32.80 
(C=CH2), 55.31 (C4), 55.38 (2 x PhCH2N), 63.53 (C3), 125.69, 126.03, 127.48, 
127.53, 128.39, 128.72 and 137.36 (2 x Ph and C2).
Reaction o f  (2 -M ethyl- l-benzy l-4 -ph eny l-l-azabuta-1,3-diene) tricarbonyl
iron (0 ) 141 with Lith ium  Diethylam ide Follow ed  by an A lly l Brom ide Quench  
A  solution of lithium diethylamide was prepared by dissolving diethylamine 
(0.01 g, 1.35 mmol) in THF (5 ml) and then adding zz-BuLi (0.88 ml, 1.40 
mmol) at 0 °C under an atmosphere of nitrogen. The anionic solution was 
stirred for 15 min. To this solution was added a solution of complex 141 (0.10 
g, 0.27 mmol) in THF (5 ml) via  a cannula and the resulting mixture was stirred 
for 3 h at 0°C under an atmosphere of nitrogen. The reaction was then 
quenched with allyl bromide and the ice-bath was removed. Stirring was 
continued for a further 15 min. The dark solution was filtered through alumina 
and the solvent was removed under reduced pressure to give the crude product
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mixture as a brown gum. Chromatography of this gum on silica gel using 
diethyl ether and hexane (1:10) as the eluent afforded (2-(iV-(2-propenyl)-7V- 
benzylamino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 166 as a yellow oil, 
(0.043 g, 41 %). 5h (300 MHz; CDC13) 0.48 (IH , d, J  5.3 Hz, C= C H f), 1.80 
(IH , d, J  8.0 Hz, PhC//=CH), 2.22 (IH , dd, Ja_3 1.9 Hz and Ja.p 5.3 Hz, 
C= C H a), 3.86 (2H, m, NC//2CH=CH2), 4.27 (IH , d, J  16.3 Hz, PhCHflN), 4.45 
(IH , d, J  16.3 Hz, PhCtfHN), 5.11 (IH , d, J7.4 Hz, PhCH=C//), 5.26 (2H, m, 
NCH 2CH=CH2), 5.91 (IH , m, NCH 2Ctf=CH2) and 7.10-7.50 (10H, m, 2 x 
PhH ); 5C (75 MHz; CDC13) 31.93 (C=CH2), 54.01 (NCH2Ph and 
N CH 2CH=CH2), 55.19 (C4), 62.15 (C3), 118.27 (NCH2CH=CH2), 125.65,
126.07, 127.07, 127.42, 128.38, 128.80, 129.79, 133.25, 137.62 and 142.12 (2 x 
Ph, C2 and NCH 2CH=CH2).
Reaction o f  (2 -M eth y l-l-isopropy l-4 -pheny l-l-a za b u ta -l,3-d iene)trica rbonyl 
iron (0 ) 144 with Lithium  Diethylam ide Follow ed  by a M ethyl Iod ide Quench  
Diethylamine (0.11 g, 1.53 mmol) was dissolved in THF (5 ml) and the solution 
was cooled to 0 °C. To this solution was added «-BuLi (0.99 ml, 1.55 mmol) 
and the resulting mixture was stirred for 0.25 h. A  solution o f complex 144 
(0.10 g, 0.31 mmol) in THF (5 ml) was added via a cannula and the resulting 
dark solution was stirred for 3 h at 0 °C under an atmosphere of nitrogen and 
then the reaction was quenched with methyl iodide. The mixture was allowed 
to warm to room temperature and then was filtered through alumina to remove 
solid residues. The solvent was removed under reduced pressure to give the 
crude product as a yellow gum. Chromatography on silica gel using diethyl
Chapter 8: Experimental 207
ether and hexane (1:10) as the eluent afforded (2-(/V-methyl-/V-isopropylamino)- 
4-phenylbuta-l,3-diene)-tricarbonyliron(0) 167 as a yellow oil, (0.033 g, 32 
%)• vmax. (C4C16) 2 035vs (CO), 1 969vs (CO) and 1 954vs cm"1 (CO); 8„ (300 
MHz; CDC13) 0.44 (1H, d, J5.2 Hz, C=CH p), 1.19 (6H, d, J6.6 Hz, CH(CH3)2),
1.85 (1H, d, J  7.9 Hz, PhC77=CH), 2.15 (1H, dd, Ja_3 2.0 Hz and Ja_p 5.3 Hz, 
C=C/7«), 2.73 (3H, s, NC773), 4.04 (1H, sept, J  6.6 Hz, C/7(CH3)2), 5.04 (1H, d, 
J7.1 Hz, PhCH=C77) and 7.08-7.26 (5H, m, Ph/7); 8C (75 MHz; CDC13) 19.31 
and 19.64 (CH(CH3)2), 29.75 (NCH3), 30.71 (C=CH2), 49.75 (CH(CH3)2), 54.84 
(C4), 58.50 (C3), 125.46, 125.56, 126.06, 128.33, 131.74 and 142.69 (Ph and 
C2).
Reaction o f  (2 -M e  thy I -1 - is op r opyl -4 -phenyl-1 -azabuta-1,3-diene) tricarbonyl 
iron (0 ) 144 with L ith ium  Diethylamide Fo llow ed  by a Benzyl Brom ide Quench  
Diethylamine (0.11 g, 1.53 mmol) was added to THF (5 ml) at 0 °C under an 
atmosphere of nitrogen. «-BuLi (0.99 ml, 1.55 mmol) was added to form the 
anion and the solution was stirred for 0.25 h. A  solution of complex 144 (0.10 
g, 0.31 mmol) in THF (5 ml) was then added via a cannula and the resulting 
mixture was stirred at 0 °C for 3 h under an atmosphere o f nitrogen. The 
reaction was then quenched with benzyl bromide and the mixture was allowed 
to warm to room temperautre. The dark solution was filtered through alumina 
and the solvent was removed under reduced pressure to give the crude product 
as a dark yellow gum. This gum was chromatographed on silica gel using 
diethyl ether and hexane (1:50) as the eluent. The first yellow band contains (2- 
(7V-benzyl-7V-isopropylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O) 168
which after removal of the solvent is afforded as a yellow oil, (0.017 g, 24 %).
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v„lax (C4C16) 2 037vs (CO), 1 971vs (CO) and 1 957vs cm"1 (CO); 5H (300 MHz; 
CDC13) 0.50 (IH , d, J4.9 Hz, C =C H P), 1.27 (3H, d, J6.3 Hz, CH(C/73)2), 1.32 
(3H, d , J 6 3  Hz, CH(C/73)2), 1.80 (IH , dd, Ja.3 1.7 Hz and Ja.p 4.9 Hz, C=CH a),
1.85 (IH , d, J  7.9 Hz, PhC/7=CH), 3.26-3.63 (2H, m, PhC772N ), 5.13 (IH , d, J
7.9 Hz, PhCHC//) and 6.83-7.29 (10H, m, 2 x Ph/7); 5C (75 MHz; CDC13)
22.22 and 23.90 (CH(CH3)2), 29.69 (CH(CH3)2), 30.87 (C=CH2), 44.89 
(NCH2Ph), 54.54 (C4), 60.68 (C3), 125.57, 126.04, 128.29, 128.38, 128.59 and 
128.90 (2 xPh  and C2).
Reaction o f  (2 -M ethy l-l-isop rop y l-4 -p h en y l-l-azabuta-1,3-d iene)trica rbonyl 
iron (0 ) 144 with Lith ium  Diethylamide Follow ed  by an A lly l Brom ide Quench 
A  solution o f lithium diethylamide was prepared by dissolving diethylamine 
(0.11 g, 1.53 mmol) in THF (5 ml) and then adding rc-BuLi (0.99 ml, 1.55 
mmol) at 0 °C under an atmosphere of nitrogen. The solution was stirred for 
0.25 h and then solution o f complex 144 (0.10 g, 0.31 mmol) in THF (5 ml) was 
added via a cannula. The resulting mixture was stirred for 3 h at 0°C under an 
atmosphere of nitrogen. The reaction was then quenched with allyl bromide 
and the ice-bath was removed. The dark solution was filtered through alumina 
and the solvent was removed under reduced pressure to give the crude product 
mixture as a brown gum. Chromatography of this gum on silica gel using 
diethyl ether and hexane (1:10) as the eluent afforded (2-(7V-(2-propenyl)-iV- 
isopropylamino)-4-phenylbuta-l,3-diene)tricarbonyliron(0) 169 as a yellow oil, 
(0.015 g, 24 %). The oil was crystallised from hexane at -20 °C. Mp 95-96 °C; 
(found: C, 62.11; H, 5.78; N, 3.73 % C19H21NFe03 requires C, 62.14; H, 5.76; N
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3.81 %); vmax (C4C16) 2 034vs (CO), 1 969vs (CO ) and 1 952vs cm'1 (CO ); 8„ 
(300 MHz; CDC13) 0.46 (IH , d, J  5.4 Hz, C=C H fi% 1.16 (3H, d, J  6.7 Hz, 
CH(Ctf3)2), 1.22 (3H, d, J  6.7 Hz, CH(Ctf3)2), 1.83 (IH , d, J  7.9 Hz, 
PhC7/=CH), 2.18 (IH , dd, Ja_3 1.8 Hz and Ja.p 5.4 Hz, C = C H a), 3.73 (IH , m, 
NC772CH=CH2), 4.05 (IH , sept, J  6.7 Hz, Ctf(CH3)2), 5.05 (IH , d, J  7.8 Hz, 
PhCH=C/7), 5.30 (2H, m, NCH 2CH=Ctf2), 5.96 (IH , m, N C H 2Ctf=CH2), and 
7.08-7.26 (5H, m, PhH ); 8C (75 MHz; CDC13) 19.53 and 20.86 (CH (CH3)2), 
31.29 (C=CH2), 47.02 (NCH2CH=CH2), 50.26 (CH(CH3)2), 55.06 (C4), 59.81 
(C3), 116.13 (NCH2CH=CH2), 125.48, 126.08, 128.34, 131.88, 135.96 and 
142.66 (Ph, C2 and NCH 2CH=CH2).
Synthesis o f  l-M ethoxy-4 -m ethylcyclohexa-l,4 -d iene 178 
4-Methylanisole 177 (24.4 g, 0.2 mol) was dissolved in ethanol (46.1 g, 1 mol) 
and the flask was fitted with a C 0 2/acetone condenser containing acetone and 
placed in a bowl containing vermiculite. Sodium metal (11.5 g, 0.5 mol) was 
cut into 0.5 g lumps and washed in a beaker o f dry hexane. The apparatus was 
flushed with nitrogen gas for 5 min and then with ammonia. Dry-ice was added 
to the condenser until the ammonia began to condense into the reaction vessel. 
When ca. 200 ml of ammonia had been collected the sodium was added to the 
stirring solution one lump at a time. It was important to allow the sodium to 
dissolve completely before adding the next piece to prevent the formation o f a 
red/brown oil on the surface o f the reaction mixture which has a deleterious 
effect on the yield. This procedure took about 2.5 h after which a little more 
ethanol (20 ml) was added to the blue solution and stirring was continued for a
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further 10 min. Sodium acetate was then added to destroy any excess sodium 
and the mixture was stirred for 30 min until the blue colour had been 
discharged. The ammonia solution was allowed to evaporate to approximately 
half its original volume and then water (200 ml) was added and the mixture 
was extracted with light petroleum ether (2 x 100 ml). The combined organic 
extracts were dried over magnesium sulphate. Filtration and removal o f the 
solvent under reduced pressure gave the crude product as a colourless oil, 
(22.23 g). !H N M R  o f this oil showed a conversion to compound 178 in excess 
of 90 %. Vacuum distillation of the crude product was not attempted since 
previously this had proved problematic and the difference in the boiling points 
of 4-methyl anisole 177 and l-methoxy-4-methylcyclohexa-l,4-diene 178 is 
only 2 °C at atmospheric pressure. 8H (300 MHz; CDC13) 1.69 (3H, s, CH 3),
2.70 (4H, s, 2 x C H 2), 3.55 (3H, s, OCH 3), 4.61 (IH , s br, C=CH ) and 5.36 (IH , 
s br, C = C H ); (Lit.70 5„ (CDC13) 1.69 (3H, s, CH 3), 2.70 (4H, s br, 2 x C H 2, 3.55 
(3H, s, OCH 3), 4.62 (IH , s br, C=CH ) and 5.36 (IH , s br, C=CH )).
Isom erisation o f  1 -M ethoxy-4-m ethylcyclohexa-l,4-diene 178 to l-M e th oxy -4 - 
methylcyclohexa-1,3-diene 179
To l-methoxy-4-methylcyclohexa-1,3-diene 178 (15.0 g, 0.121 mol) was added 
p-toluenesulphonic acid monohydrate (0.02 g) and the mixture was heated in an 
oil bath at 80 °C for 2 h under an atmosphere of nitrogen. Stirring was then 
continued for a further 2 days at room temperature. Again, it was not possible 
to separate the product mixture by vacuum distillation and after several 
unsuccessful attempts 9.1 g o f oil were recovered. *H nmr showed a 3:1 ratio of
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dienes 167 and 166. 8H (300 MHz; CDClj) 1.75 (3H, s, CH,%  2.29 (4H, s, 2 x 
C H 2) , 3.56 (3H, s, OCH,), 4.87 (1H, d, J6Hz, C=C and 5.57 (1H, d, Hz, 
O C H ); (Lit.70 5h (CDC13) 1.75 (3H, s, CH 3) 9 2.29 (4H, s, 2 x Ctf2), 3.56 (3H, s, 
OC773), 4.87 (1H, d, J 6  Hz, C=CH ) and 5.57 (1H, d, J 6  Hz, O C H ) ) .
Synthesis o f  (1 -M ethoxy-4-m ethylcyclohexa-l, 3 -d iene)tricarbonyliron (0 ) 180 
The 3:1 mixture of dienes 179 and 178 (9.0 g, 0.072 mol) and iron 
pentacarbonyl (18 ml, 0.14 mol) were mixed in a flask to which was added di-n - 
butyl ether (75 ml). The mixture was degassed and placed under an atmosphere 
of nitrogen and then heated with stirring under reflux conditions for 48 h. The 
resulting dark solution was allowed to cool and then filtered through celite. The 
solvent and excess iron pentacarbonyl were removed under reduced pressure to 
afford the crude product 180 as a yellow oil, (8.15 g, 43 % ). 5H (300 MHz; 
CDC13) 1.57 (3H, s, C H 3), 1.33-2.36 (4H, m, 2 x C ff2), 3.45 (3H, s, OCH 3), 4.89 
(1H, d, J4.5 Hz, (CH3)C=C/7) and 5.15 (1H, d, J4.5 Hz, Ctf=C(OCH3)); (lit.7 
8h (100 MHz; CC14) 1.56 (3H, s, CH 3), 1.4-2.3 (4H, m, 2 x C H 2), 3.40 (3H, s, 
OCH 3), 4.84 (1H, d, J  4 Hz, (CH3)C=C//) and 5.10 (1H, d, J  4 Hz, 
C/7=C(OCH3))).
Synthesis o f  ( 4-M ethoxy-1 -methylcyclohexadienyl ium ) tricarbonyliron
hexafluorophosphate 176
A  solution of complex 180 (5.0 g, 0.019 mol) in dry dichloromethane (15 ml) 
was added via a syringe to a stirring solution o f triphenylcarbenium 
tetrafluoroborate (6.80 g, 0.021 mol) in dichloromethane (40 ml). The resulting
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mixture was stirred at room temperature for 1 h after which the solvent was 
reduced to about 10 ml under reduced pressure. Wet diethyl ether (50 ml) was 
then added to produce (4-methoxy-l-methylcyclohexadienylium) 
tricarbonyliron tetrafluoroborate 181 as a yellow oil. The flask was swirled 
vigorously and scratched with a spatula to cause complex salt 181 to precipitate 
as a yellow solid. The precipitate was removed by filtration and washed with 
wet ether (20 ml). Complex salt 181 was then weighed and dissolved in the 
minimum amount of water to give a saturated aqueous solution which was 
filtered to remove an insoluble scum. Similarly, 1.2 equivalents of ammonium 
hexafluorophosphate (3.01 g, 0.018 mol) were dissolved in a minimum quantity 
of water. The two solutions were mixed together and left to stand for 30 min. 
The resulting precipitate was removed by filtration and the cake was washed 
with water (2x5 ml) and dried in vacuo to afford (4-methoxy-l- 
methylcyclohexadienylium)tricarbonyliron hexafluorophosphate 176 as a 
yellow solid, (5.21 g, 67 %). 8H (300 MHz; CF3C 0 2H) 1.82 (3H, s, C H 3),  2.53 
(IH , d, J  13.7 Hz, 6-H ), 3.31 (IH , q, J  13.7 Hz, 6-/7), 3.83 (IH , m, 5-/7), 3.88 
(3H, s, OC773), 5.56 (IH , d, J4.1 Hz) and 6.93 (IH , d, J4.1 Hz, 3-//); (Lit.7 5H 
(100 MHz; CF3C 0 2H) 1.84 (3H, s, C/73), 2.50 (IH , d, J  14 Hz, 6-/7), 3.30 (IH , 
q, /14 Hz, 6-H ), 3.82 (IH , m, 5-H ), 3.86 (3H, s, OC/73), 5.56 (IH , d, J 4  Hz) 
and 6.92 (IH , d, J 4 Hz, 3-/7)).
Reaction o f  (2 -(N -M ethyl-N -phenyl)am ino-4 -phenylbuta-l, 3 -d iene)- 
tricarbonyliron (O ) 158 with (4 -M ethoxy- 1-methylcy clohexadienylium )- 
tricarbonyliron (O ) Hexafluorophosphate 176
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A  mixture of the complex salt 176 (0.26 g, 0.64 mmol) and the enamine 
complex 158 (0.24 g, 0.64 mmol) were dissolved in dry acetonitrile and heated 
under reflux conditions under an atmosphere of nitrogen for 2 h. The solvent 
was removed under reduced pressure to give a yellow gum. Water (20 ml) was 
added and the mixture was heated at 110 °C for 0.25 h before being allowed to 
cool to room temperature. The cooled solution was then extracted with diethyl 
ether (2x20 ml) and the combined ethereal extracts were dried over magnesium 
sulphate. Removal of the solvent under reduced pressure afforded a yellow oil 
which was shown by N M R  to consist mainly of the starting complex 158.
Synthesis o f  2 -E thyl-4 -phenyl-l-oxabuta - 1,3-diene 185
Benzaldehyde 55 (10.0 g, 94.3 mmol) was suspended in a solution of sodium 
hydroxide (1.88 g, 47.1 mmol) in water (50 ml) and boiled . To this solution 
was added butan-2-one (6.8 g, 94.3 mmol) dropwise over a period o f 1 h. The 
mixture was refluxed for a further 2 h and was then allowed to cool to room 
temperature and extracted with dichloromethane (3x40 ml). The combined 
organic extracts were washed with saturated brine solution (20 ml) and dried 
over magnesium sulphate. The solvent was removed under reduced pressure to 
give a yellow oil which was dissolved in hexane and cooled to -20 °C to afford 
the title compound 174 as pale yellow crystals, (7.71 g, 51 %). Mp 37 °C  (lit.,63 
40 °C); vmax (nujol) 1 673 (O O )  and 1 625 cm"1 (C=C), (lit.,63 (O O )  1 674 and 
( O C )  1 627 cm"1); 5H (300 MHz; CDC13) 1.17 (3H, t, J 1 3  Hz, CH2C773), 2.69 
(2H, q, J  7.3 Hz, C772CH3), 6.75 (IH , d, J  16.3 Hz, PhCH=C7/) and 7.37-7.58 
(6H, m, Ph/7 and PhC/7=CH).
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Attempted Synthesis o f  2-Ethyl-1,4-diphenyl-1-azabuta-1,3-diene 184 fro m  185 
and A niline
To a stirring solution of 2-ethyl-4-phenyl-l-oxabuta-1,3-diene 185 (5.48 g, 34.2 
mmol) in toluene (50 ml) was added aniline (3.18 g, 34.2 mmol) and the 
mixture was boiled over magnesium sulphate for 15 h. ‘Ii N M R  analysis of 
an aliquot of the resulting mixture showed that no reaction had occurred* The 
solvent was removed under reduced pressure to give an oil which crystallised 
after standing for several days. These crystals were identified as the 1,4- 
addition product 187 on the basis o f their *H N M R  spectrum. 5H (300 MHz; 
CDC13) 0.97 (3H, t, J7.3 Hz, CH2C//3), 2.34 (2H, m, C//2CH3), 2.89 (2H, d, J  
6.4 Hz, C H 2), 4.53 (1H, s br, N //), 4.83 (1H, t, J  6.4 Hz, PhC//(NHPh) and 
6.53-7.36 (10H, m, 2 x Ph//).
Prepara tion  ofD iethyl-N -phenylphosphoram idate 190
A  solution of diethylphosphite 191 (6.44 ml, 50 mmol) in carbon tetrachloride 
(10 ml) was added dropwise with stirring to a mixture o f aniline (4.56 g, 50 
mmol), sodium hydrogen carbonate (8.40 g, 100 mmol), potassium carbonate 
(13.8 g, 100 mmol) and tetraethylammonium bromide (0.53 g, 2.5 mmol) in 
dichloromethane (40 ml) at 10-15 °C using external cooling as required. The 
mixture was stirred for 2 h at 15-29 °C and then left overnight at room 
temperature. The inorganic solids were removed by filtration and washed with 
dichloromethane (2 x 25 ml). The solvent was removed under reduced pressure 
to give the crude phosphoramidate 190 as a white solid which was recrystallised
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from hexane, (4.45 g, 39 %). 5H (300 MHz; CDC13) 1.32 (6H, t, J7.1 Hz, 2 x 
CH2C773), 4.14 (4H, m, 2 x C/72CH3), 5.84 (IH , d, J8.9 Hz, N/7) and 6.93-7.27 
(5H, m, Ph/7); 8C (75 MHz; CDC13) 15.98 and 16.08 (2 x CH2CH3), 62.57 and 
62.64 (2 x CH2CH3), 117.16, 117.26,121.26, 129.16 and 139.91 (Ph).
Attem pted Prepara tion  o f  2-E thyl-1,4-diphenyl-1-azabuta-1,3-diene 184 fro m  
185 and 190
To a stirring solution of the phosphoramidate 190 (0.215 g, 0.94 mmol) in THF 
(5 ml) at -78 °C under an atmosphere of nitrogen was added /z-BuLi (0.59 ml, 
0.95 mmol) and the resulting mixture was stirred for 10 min. The colourless 
solution was then allowed to warm to room temperature and then re-cooled to - 
78 °C. 2-Ethy 1-4-phenyl-1-oxabuta-1,3-diene 185 (0.1 g, 0.62 mmol) was 
added as a solution in THF (5 ml) and the mixture was allowed to warm to 
room temperature overnight. The solution was filtered through alumina and the 
solvent removed to give a gum. *H N M R  analysis of this gum revealed that it 
consisted mainly of the phosphoramidate 190 and the ketone 185. There was no 
evidence for the desired imine 184.
Preparation  o f  (2 -E thyl-4-phenyl-1 -oxabuta-1 ,3-d iene)tricarbonyliron(0 ) 192
2-Ethyl-4-phenyl-1-oxabuta-1,3-diene 185 (0.30 g, 1.87 mmol) was dissolved in 
toluene (10 ml) and diiron nonacarbonyl (1.36 g, 3.74 mmol) was added as a
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suspension in toluene (10 ml). The mixture was repeatedly degassed and the 
vessel refilled with nitrogen. The mixture stirred at 40 °C for 3 h under an 
atmosphere of nitrogen. The red mixture was filtered through alumina to 
remove the pyrophoric iron residues and the solvent was removed under 
reduced pressure to give a dark red/brown solid. This was chromatographed on 
silica gel eluting with a 1:2 mixture of diethyl ether and hexane to yield 
complex 192 as dark red crystals, (0.42 g, 76 %). Mp 75-77 °C; vmax (nujol) 2 
065vs (CO), 2 005vs (CO) and 1 985vs cm'1 (CO); 8H (300 MHz; CDC13) 1.41 
(3H, t, J7.5 Hz, CH2C/73), 2.81 (2H, q, J7.5 Hz, C//2CH3), 3.12 (IH , d, J9.0  
Hz, PhC77=CH), 6.05 (IH , d, J  9.0 Hz, PhCH=CH ) and 7.19-7.33 (5H, m, 
Ph/7); 8C (75 MHz; CDC13) 11.50 (CH2CH3), 27.80 (CH2CH3), 60.90 (C4), 
75.89 (C3), 126.78, 126.96, 128.80, 138.70 and 147.26 (Ph and C2).
Attem pted Preparation  o f  (2 -E thy l-l,4 -d ipheny l- 1 -azbuta-l ,3 -
diene) tricarbonyH ron(0 ) 183 fro m  192 and 190
To a stirring solution of the phosphoramidate 190 (0.115 g, 0.5 mmol) in THF 
(10 ml) at -78 °C under an atmosphere of nitrogen was added w-BuLi (0.31 ml, 
0.5 mmol) and the resulting mixture was stirred for 10 min. The colourless 
solution was then allowed to warm to room temperature and then re-cooled to - 
78 °C. (2-Ethyl-4-phenyl-l-oxabuta-l,3-diene)tricarbonyliron(0) 192 (0.10 g, 
0.33 mmol) was added as a solution in THF (5 ml) and the mixture was allowed 
to warm to room temperature overnight. The solution was filtered through 
alumina and the solvent removed to give a gum. *H N M R  analysis of this gum
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revealed that it consisted mainly of the phosphoramidate 190 and also the 
uncomplexed ketone 185. There was no evidence for the desired imine 
complex 183.
Synthesis o f  (2 -E thy l-1,4-diphenyl-1-azabuta-1,3-diene) tricarbonyliron (O ) 183
2-Ethyl-4-phenyl-l-oxabuta-1,3-diene 185 (0.18 g, 1.14 mmol) was dissolved in 
dry dichloromethane (30 ml) and stirred at 0 °C under an atmosphere of 
nitrogen. Aniline (0.10 ml, 1.14 mmol) was added via  a syringe followed by 
triethylamine (0.49 ml, 3.50 mmol). Titanium tetrachloride (0.091 g, 0.63 
mmol) was added dropwise over a period of 10 min and the dark brown mixture 
was stirred for 30 min and then the ice-bath was removed and stirring was 
continued for a further 4 h. The resulting mixture was filtered through celite to 
remove titanium oxide and the solvent was removed under reduced pressure to 
give a yellow solid. Dry toluene (30 ml) was added and the mixture was stirred 
for 20 min before being filtered to remove the precipitated amine hydrochloride. 
Removal of the solvent gave the crude product as a yellow gum. Analysis of 
this gum by [H nmr showed a 65 % conversion to E ,E  and E ,Z  2-ethyl-4- 
phenyl-1-azabuta-1,3-diene 184. 5H (300 MHz; CDC13) 1.12 and 1.33 (3H, 2 x 
t, J  7.7 Hz, CH2C//3), 2.47 and 2.80 (2H, 2 x q, J  7.7 Hz, CH2C/73) and 6.61-
7.56 (12H, m, 2 x Ph/7 and PhC/7=C/7). The crude gum containing imine 184 
was dissolved in toluene (10 ml) and diiron nonacarbonyl (0.83 g, 2.28 mmol) 
was added. The mixture was degassed and then heated at 40 °C for 3 h under 
an atmosphere of nitrogen. The solvent was removed under reduced pressure to
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give a red/brown gum which was redissolved in diethyl ether and filtered 
through a plug o f alumina. The solvent was again removed to afford the crude 
product as a red gum. Chromatography on silica gel eluting with a 1:5 mixture 
of ether and hexane yielded complex 183 as red crystals, (0.079 g, 25 % with 
respect to ketone 185). Mp 123-125 °C (dec); (found: C, 64.02; H, 4.43; N, 
3.65 % C20H 17NFeO3 requires C, 64.02; H, 4.57; N, 3.73 %); vmax. (C4C16) 2 
053vs (CO), 1 991 vs (CO ) and 1 976vs cm'1 (CO); 8„ (300 MHz; CDC13) 1.55 
(3H, m, CH2C/73), 2.46-2.80 (2H, m, C//2CH3), 3.21 (IH , d, J  8.9 Hz, 
PhCT/CH), 5.63 (IH , d, J  8.9 Hz, PhCH=C//) and 6.72-7.40 (10H, m, 2 x 
Ph/7); 5C (75 MHz; CDC13) 13.20 (CH2CH3), 22.20 (CH2CH3), 60.21 (C4), 
68.28 (C3), 121.26, 123.30, 126.62, 126.73, 128.68, 129.09, 139.46 and 149.82 
(2 x Ph and C2).
Reaction o f  (2 -E thy l-l,4 -d ipheny l-l-a za buta -l,3 -d iene)trica rbony liron (0 ) 183 
with Lith ium  Diethylam ide F o llow ed  by a M ethanol Quench
Diethylamine (0.10 g, 1.33 mmol) was dissolved in THF (5 ml) and the solution 
was cooled to 0 °C. zz-BuLi (0.84 ml, 1.35 mmol) was added and the resulting 
solution was stirred for 0.25 h. A  solution of (2-ethyl-1,4-diphenyl-1-azabuta-
l,3-diene)tricarbonyliron(0) 183 (0.10 g, 0.27 mmol) was added as a degassed 
solution in THF (5 ml) and the reaction was stirred at 0 °C for 3 h under an 
atmosphere of nitrogen before being quenched with methanol. The resulting 
solution was allowed to warm to room temperature and then filtered through 
alumina. Removal of the solvent followed by chromatography on silica gel
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using diethyl ether and hexane (1:20) as the eluent afforded E ,E  (l-methyl-2- 
(V-phenylamino)-4-phenylbuta-l,3~diene)tricarbonyliron(0) 193a as a yellow 
gum, (0.036 g, 36 %). The gum was then crystallised from hexane at -20 °C. 
An X-ray crystallographic investigation showed that in the solid state, the 
complex adopts the E ,Z  configuration 193b whereas the *H N M R  and NOE  
difference spectra clearly indicate that in solution, the complex adopts the E ,E  
configuration. Mp 126-128 °C; (found: C, 63.91; H, 4.39; N, 3.74 %, 
C20H17NFeO3 requires C, 64.02; H, 4.57; N , 3.73 %); vmax (thin film) 2 039vs 
(CO ) and 1 973vs, br cm'1 (CO); 5H (300 MHz; CDC13) 1.44 (3H, d, J  7.2 Hz, 
C=CHaC//3), 2.99 (IH , d, J  8.6 Hz, PhC//=CH), 3.19 (IH , dq, Ja_3 1.7 Hz and 
Ja_Me 7.2 Hz, C=C//qCH3), 5.38 (IH , s br, N//), 5.76 (IH , dd, Ja_3 1.7 Hz and J3_4
8.6 Hz, PhCH=C//) and 7.00-7.42 (10H, m , 2 x  Ph//); §c (75 MHz; CDC13) 
14.33 and 48.48 (C=CHaCH3 and C=CHaCH3), 50.49 (C4), 71.19 (C3), 119.52, 
122.40, 125.97, 126.16, 128.51 and 129.53 (2 x Ph).
Synthesis o f  (2 -E thy l-l-benzyl-4 -phenyl-l-azabuta -l,3~d iene)tricarbonyliron (0 ) 
198
2-Ethy 1-4-phenyl-1-oxabuta-1,3-diene 185 (1.0 g, 6.25 mmol) was dissolved in 
dry dichloromethane (30 ml) and cooled to 0 °C under an atmosphere of 
nitrogen. To this solution was added benzylamine (0.68 ml, 6.25 mmol), dry 
triethylamine (2.7 ml, 19.3 mmol) and titanium tetrachloride (0.38 ml, 3.47 
mmol) was added dropwise over a period of 10 min. The mixture was stirred 
for 30 min before the ice-bath was removed and stirring was continued for 15 h.
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The dark brown solution was filtered through celite and the solvent removed 
under reduced pressure to give a yellow gum which was dissolved in dry 
toluene and stirred for 20 min in order to precipitate the amine hydrochloride. 
The salt was removed by filtration which, when followed by removal o f the 
solvent afforded a 2:1 mixture of crude E ,E  and E ,Z  2-ethyl- 1-benzy 1-4-pheny 1-
1-azabuta-1,3-diene 199 as a yellow gum. 'H N M R  analysis of this gum 
showed a 60 % conversion to imine 199. The crude product mixture was 
redissolved in toluene (10 ml) and diiron nonacarbonyl (4.55 g, 12.5 mmol) was 
added as a suspension in toluene (20 ml). The mixture was degassed and the 
heated at 40 °C under an atmosphere o f nitrogen for 3 h. The resulting dark 
brown mixture was filtered through alumina and the solvent was removed under 
reduced pressure to afford crude complex 198 as a red/brown gum. 
Chromatography on silica gel using diethyl ether and light petroleum ether 
(1:20) gave the title compound 198 as a red crystalline solid, (0.44 g, 18 %). 
vmax. (C4C16) 2 050vs (CO), 1 987vs (CO ) and 1 963vs cm"1 (CO); 5H (300 MHz; 
CDC13) 1.47 (3H, t, J  7.5 Hz, CH2C/73), 2.67-2.94 (2H, 2 x m, J  7.5 Hz, 
C772CH3), 2.93 (1H, d, J  8.8 Hz, PhC77=CH), 3.40 (1H, d, J  15.4 Hz, 
PhCTTHN), 4.07 (1H, d, J  15.4 Hz, PhCH//N), 5.46 (1H, d, J  8.6 Hz, 
PhCH=C//) and 7.12-7.37 (10H, m, 2 x Ph/7); 5C (75 MHz; CDC13) 12.46 
(CH2CH3), 21.64 (CH2CH3), 57.81 (PhCH2N), 58.87 (C4), 67.90 (C3), 126.58,
127.07, 127.91, 128.27, 128.48, 133.51, 140.06 and 140.41 (2 x Ph and C2).
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Reaction o f  (2 -E thy l-l-ben zy l-4 -ph eny l-l-azabuta-1,3 -d iene)tricarbony liron (0 ) 
198 with L ithium  Diethylamide Fo llow ed  by a M ethanol Quench  
Diethylamine (0.09 ml, 1.28 mmol) was added to THF (5 ml) at 0 °C under an 
atmosphere o f nitrogen. zz-BuLi (0.81 ml, 1.30 mmol) was added and the 
resulting solution was stirred for 0.25 h. A  solution of complex 198 (0.10 g, 
0.26 mmol) in THF (5 ml) was then added via  a cannula and the resulting 
mixture was stirred at 0 °C for 1.5 h under an atmosphere of nitrogen. The 
reaction was then quenched with methanol and the mixture was allowed to 
warm to room temperautre. The dark solution was filtered through alumina and 
the solvent was removed under reduced pressure to give crude 200a as a dark 
yellow gum. This gum was chromatographed on silica gel using diethyl ether 
and hexane (1:20) as the eluent. The first yellow band contains E ,E  (1-methyl- 
2-(A-benzylamino)-4-phenylbuta-1,3 -diene)tricarbonyliron(O) 200a which after 
removal of the solvent is afforded as a yellow oil, (0.026 g, 26 %). 8H (300 
MHz; CDC13) 1.32 (3H, d, J 7 .2  Hz, C=CHaC ^ 3), 2.84 (IH , dq, Ja_3 1.9 Hz and 
Ja.Me 7.2 Hz C=C77«CH3), 3.07 (IH , d, J  8.4 Hz, PhC77=CH), 3.42 (IH , hr, N H ), 
4.13-4.31 (2H, m, PhC/72N ), 5.27 (IH , dd, Ja.3 1.8 Hz and J3.4 8.4 Hz, 
PhCH=C//) and 7.11-7.44 (10H, m, 2 x PhH ).
Synthesis o f  (2 -E thy l-l-(2 -pheny lethy l)-4 -pheny l-l-azbu ta -l, 3-diene)
tricarbonyliron (O ) 201
2-Ethyl-4-phenyl-l-oxabuta-l,3-diene 185 (1.00 g, 6.25 mmol) and 2- 
phenylethylamine (0.76 g, 6.25 mmol) were dissolved in toluene (10 ml) and 
the mixture was stirred for 60 h. A  small aliquot was taken for lH  N M R
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analysis. Owing to the complexity of the spectrum, it was not possible to 
confirm formation o f 2-ethyl-l-(2-phenylethyl)-4-phenyl-l-azabuta-l,3-diene 
202. To the remaining reaction mixture was added diiron nonacarbonyl (4.55 g,
12.5 mmol) and the mixture was stirred at 40 °C for 1 h under an atmosphere of 
nitrogen. The product mixture was then filtered through alumina and the 
solvent was removed under reduced pressure to afford a brown gum. 
Chromatography o f this gum on silica gel using diethyl ether and hexane (1:20) 
as the eluent, followed by removal of the solvent gave (2-ethyl-1-(2- 
phenylethyl)-4-phenyl-l-azabuta-l,3-diene)tricarbonyliron(O) 201 as a red gum, 
(0.26 g, 10 %). vmax (hexane) 2 049vs (CO), 1 986vs (CO ) and 1 968vs cm"1 
(CO ); 8h (300 MHz; CDC13) 1.43 (3H, t, CH2CH 3),  2.33-3.03 (7H, m, 
PhCi/2Ci72N, PhC77=CH and C772CH3), 5.45 (IH , d, J  8.8 Hz, PhCH=C/7) and 
7.12-7.32 (10H, m, 2 x Ph/7); Sc (75 MHz; CDC13) 12.43 (CH2CH3), 21.48 
(CH2CH3), 38.51 and 56.04 (PhCH2CH2N), 59.14 (C4), 67.55 (C3), 126.16, 
126.28, 126.58, 128.36, 128.53, 128.76, 133.47, 139.90 and 140.01 (2 x Ph and 
C2).
Reaction o f  (2 -E thy l-l-(2 -pheny lethy l)-4 -pheny l-l-azbu ta -l, 3-diene) 
tricarbonyliron (O ) 201 with L ithium  Diethylamide Fo llow ed  by a M ethanol 
Quench
Diethylamine (0.18 g, 2.5 mmol) was dissolved in THF (5 ml) and the solution 
was cooled to 0 °C. ra-BuLi (1.6 ml, 2.6 mmol) was added and the resulting 
solution was stirred for 0.25 h. A  solution of (2-ethyl-1-(2-phenylethyl)-4- 
phenyl-l-azabuta-l,3-diene)tricarbonyliron(O) 201 (0.20 g, 0.5 mmol) in THF
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(5 ml) was added and the reaction was stirred at 0 °C for 3 h under an 
atmosphere o f nitrogen before being quenched with methanol. The resulting 
solution was allowed to warm to room temperature and then filtered through 
alumina. Removal o f the solvent followed by chromatography on silica gel 
using diethyl ether and hexane (1:50) afforded an approximately equimolar 
mixture of E ,E  and E ,Z  (1 -methyl-2-(V-(2-phenylethyl)amino)-4-phenylbuta-
l,3-diene)tricarbonyliron(0) 203a and 203b, and the starting complex 201 as a 
yellow gum, (45 mg recovered). The presence of the two isomers 203a and 
203b was detected by ‘H, 13C and DEPT 135 N M R  spectroscopy. 8H [203b] 
(300 MHz; CDC13) 5.21 (1H, dd, Ja_3 1.9 Hz and J3.4 8.4 Hz, PhCH=C77); 8H 
[203a] (300 MHz; CDC13) 5.09 (1H, d, J  8.1 Hz, PhCH=Ctf); 5C [203a and 
203b] (75 MHz; CDC13) 29.92, 35.50, 35.57 and 45.23 (4 x CH2), 43.18 and
45.51 (2 x C=CHCH3), 51.22 and 53.00 (2 x C4), 58.89 and 65.68 (2 x C3).
Prepara tion  o f  1,4 -D iphenyl-1 -azabuta-1,3-diene 69
4-Phenyl-1-oxabuta-1,3-diene 67 (6.61 g, 50 mmol) and aniline (4.66 g, 50 
mmol) were stirred together in ether at 0 °C for 15 min whereupon the product 
precipitated as pale yellow crystals which were removed by filtration and 
recrystallised from ethanol to give 1,4-diphenyl-1-azabuta-1,3-diene 69 as pale 
yellow crystals, (6.1 g, 59 %). Mp 104-106 °C; (found: C, 86.94; H, 6.21; N,
6.82 % C 15H 13N  requires C, 86.91; H, 6.32; N , 6.75 %); vmax (nujol) 1 625m 
(C=N ) and 1 575m cm'1 (C=C), (lit.,6 (nujol) 1 621 (C =N ) and 1 571 cm'1 
(C=C); 5h (300 MHz; CDC13) 7.12-7.56 (12H, m, 2 x PhH , P h C H = C H ), 8.28 
(1H, dd, J6.9 Hz, C ff=N ) (Lit.,6 (100 MHz; CC14) 8.12 (1H, quintet)).
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Synthesis o f  (1,4 -D iphenyl-1 -azabuta-1,3 -d iene)tricarbonyliron (0 ) 5 
1,4-Diphenyl-1-azabuta-1,3-diene 69 (1.00 g, 4.82 mmol) was dissolved in 
toluene (20 ml) and a suspension of diiron nonacarbonyl (3.54 g, 9.65 mmol) in 
toluene (20 ml) was added. After repeated evacuation of the apparatus the 
mixture was stirred at 40 °C for 3 h under an atmosphere o f nitrogen. The 
resulting bright red solution was filtered through alumina to remove colloidal 
iron residues and the solvent was removed under reduced pressure to yield a 
dark red oil which crystallised on cooling. The crude product was 
chromatographed on silica gel, eluting with light petroleum ether to remove 
triiron dodecacarbonyl and then ethyl acetate collecting the first red band. The 
solvent was removed to afford ( 1,4-diphenyl-1 -azabuta-1,3-
diene)tricarbonyliron(O) 5 as red crystals, (1.36 g, 81 %). Mp 102-104 °C; vmax 
(nujol) 2 059vs (CO), 1 990vs (CO) and 1 980vs cm'1 (CO), (lit.,6 (nujol) 2 060 
(CO), 1 998 (CO) and 1 990 cm'1 (CO)); 5H (300 MHz; CDC13) 3.38 (IH , d, J
9.3 Hz, PhC/7=CH), 5.72 (IH , dd, J  9.3, PhCH=CH ), 6.90-7.56 (11H, m, 2 x 
Ph/7 and C77=N) (lit.,6 (100 MHz; CC14) 3.35 (IH , br, PhC77=CH), 5.65 (IH , 
br, PhCH=CT7)); 5C (75 MHz; CDC13) 62.17 (C4), 74.45 (C3), 103.85 (C2), 
121.85, 122.55, 126.60, 126.92, 128.79 and 128.98 (2 x Ph).
G enera l Procedure f o r  the Synthesis o f  Formamides fro m  Ethyl Form ate  
The amine (0.5 g) was dissolved in ethyl formate (10 ml) and heated at 40 °C  
for 15 h. The solvent was removed under reduced pressure to afford the crude 
formamide as white crystals which were recrystallised from diethyl ether and 
the !H N M R  spectrum recorded.
Chapter 8: Experimental 225
Benzylformamide 204
SH (300 MHz; CDC13) 4.48 (2H, d, J  5.9 Hz, PhCtf2NH ), 5.97 (IH , br, N H ), 
7.26-7.38 (5H, m, PhH ) and 8.25 (IH , s, NC/70).
Isopropylform am ide 214
8H (300 MHz; CDC13) 1.18 (6H, d, J  6.6 Hz, (Ctf3)2CH), 4.12 (IH , m, 
(CH3)2OF0, 6.64 (IH , br, N H ) and 8.06 (IH , s NOHO).
Diethylform am ide 215
SH (300 MHz; CDC13) 1.14 (2H, t, J7.2 Hz, Ctf3CH2), 1.20 (2H, t, J 7 . 2  Hz, 
C/73CH2), 3.30 (IH , m, CH3Ctf2) and 3.30 (IH , m, CH3C/72).
Dibenzylformamide 216
8„ (300 MHz; CDC13) 4.26 (2H, s, PhC/72NH), 4.41 (2H, s, PhCtf2NH ), 7.16- 
7.39 (10H, m, 2 x Ph#) and 8.41 (IH , s, NGHO).
Prepara tion  o f  (2 -M ethy l-4 -phenyl-l-oxabuta-1 ,3 -d iene)tricarbonyliron (0 ) 91 
A  mixture of 2-methyl-4-pheny 1-1-oxabuta-1,3-diene 130 (1.0 g, 6.84 mmol) 
and diiron nonacarbonyl (4.95 g, 13.68 mmol) were stirred in toluene (20 ml) at 
40 °C for 3 h under an atmosphere of nitrogen. The red mixture produced was 
filtered through alumina to remove the pyrophoric iron residues and the solvent 
was removed under reduced pressure to give a dark red/brown solid. This was 
chromatographed on silica gel eluting with a 1:5 mixture of diethyl ether and 
hexane to yield 91 as dark red crystals, (1.49 g, 76 %). Mp 80-82 °C; vinax 2
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069vs (CO), 2 009vs (CO) and 1 989vs (CO) cm'1; (lit.48 2 065 (CO), 2 005 
(CO ) and 1 985 (CO ) cm'1); 8H (300 MHz; CDC13) 2.55 (3H, s, G fQ , 3.12 (1H, 
d, J  8.7 Hz, PhCi7=CH), 6.04 (1H, d, J  8.8 Hz, PhCH=C77) and 7.25 (5H, m, 
PhH); (lit.48 8„ 2.5 (3H, s, C H }),  3.1 (1H, d, J9  Hz, PhCH=CH), 6.02 (1H, d,
Hz, PhCH=CH).
Reaction o f  (2 -M ethy l-4 -phenyl-l -oxabuta-1,3-diene) trica rbony liron (0 ) 91 with 
Lith ium  Benzylamide Fo llow ed  by a M ethanol Quench
To THF (5 ml) at 0 °C under an atmosphere of nitrogen was added benzylamine 
(0.09 g, 0.85 mmol). zz-BuLi (0.55 ml, 0.88 mmol) was then added in a 
drop wise manner and the resulting solution was stirred for 15 min. To the 
amide solution was added (2-methyl-4-phenyl-l-oxabuta-1,3-
diene)tricarbonyliron(O) 91 (0.05 g, 0.17 mmol) as a degassed solution in THF 
(5 ml) via a cannula and the dark mixture was stirred for 3 h. The reaction was 
quenched with methanol and the resulting mixture was allowed to warm to 
room temperature. Solid residues were removed by filtration through alumina 
and the solvent was removed under reduced pressure to give a dark yellow gum. 
’H N M R  spectrotroscopy showed that the gum consisted of benzyl formamide 
204 and the uncomplexed 1-oxa-1,3-diene 130.
Reaction o f  (2 -M ethy l-4 -phenyl-l-oxabuta -1,3 -d iene)tricarbony liron (0 ) 91 with 
Lith ium  Diethylam ide Fo llow ed  by Quench with Deuterated M ethanol 
To THF (5 ml) at 0 °C under an atmosphere of nitrogen was added diethylamine 
(0.06 g, 0.85 mmol). zz-BuLi (0.55 ml, 0.88 mmol) was then added in a
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dropwise manner and the resulting solution was stirred for 15 min. To the 
amide solution was added (2-methy 1-4-phenyl- 1-oxabuta-1,3-
diene)tricarbonyliron(O) 91 (0.05 g, 0.17 mmol) as a degassed solution in THF 
(5 ml) via a cannula and
the dark mixture was stirred for 3 h. The reaction was quenched with 
deuterated methanol and the resulting mixture was allowed to warm to room 
temperature. Solid residues were removed by filtration through alumina and the 
solvent was removed under reduced pressure to give a yellow gum which was 
shown to contain 2-d-methyl-4-phenyl-l-oxabuta-l,3-diene 226 on the basis o f 
its 'H and 2H NM R spectra. 5H (300 MHz; CDCl,) 2.39 (small s, C  6.73 
(IH , d, J  16.3 Hz, PhCH=Ctf) and 7.39-7.55 (6H, m, Ph and PhC/7=CH); 8D 
(46 MHz; CHC13) 2.43 (broad, Cdn).
Reaction o f  (2-E thyl-4 -phenyl-1-oxabuta-1,3-diene) tr ica r bony liron (O ) 192 with 
Lith ium  Diethylam ide Fo llow ed  by Quench with Deuterated M ethanol 
To THF (5 ml) at 0 °C under an atmosphere of nitrogen was added diethylamine 
(0.06 g, 0.85 mmol). zz-BuLi (0.55 ml, 0.88 mmol) was then added in a 
dropwise manner and the resulting solution was stirred for 15 min. To the 
amide solution was added (2-ethyl-4-phenyl-1 -oxabuta-1,3 -diene)tricarbonyl 
iron(0) 192 (0.05 g, 0.17 mmol) as a degassed solution in THF (5 ml) via a 
cannula and the dark mixture was stirred for 3 h. The reaction was quenched 
with deuterated methanol and the resulting mixture was allowed to warm to 
room temperature. Solid residues were removed by filtration through alumina 
and the solvent was removed under reduced pressure to give a dark yellow gum
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which was shown to contain 2-7-ethy 1-4-phenyl-1-oxabuta-1,3-diene 229 on 
the basis of its ‘H and 2H NM R spectra. 8H (300 MHz; CDClj) 1.16 (3H, s, 
CDHCH3), 2.70 (nH, m, CD//CH,), 6.75 (IH , d, ./ 16.3 Hz, PhCH=CH) and 
7.37-7.58 (6H, m, PhH and PhCH=CH); 8D (46 MHz; CHCI3) 2.65 (D, broad, 
CH£>CH3).
Synthesis o f  Ergostery l acetate 234
Ergosterol 230 (3.0 g, 7.18 mmol) was dissolved in acetic anhydride (30 ml) 
and refluxed for 1.5 h under an atmosphere of nitrogen. The mixture was 
allowed to cool whereupon 234 crystallised. The crystals were removed by 
filtration and washed with glacial acetic acid and methanol. The crude 234 was 
recrystallised from ethyl acetate, (1.31 g, 42 %). (Found: C, 82.1; H, 10.8 % 
C30H46O2 requires C, 82.1; H, 10.8 %); vmax. (nujol) 1 736s cm'1 (CO); 8H (300 
MHz; CDC13) 0.63 (3H, s, 18-Me), 0.82 and 0.84 (6H, 2xd, 7  4.8 Hz, 26- and
27-Me), 0.91 (3H, d, 76.8 Hz, 28-Me), 0.95 (3H, s, 19-Me), 1.04 (3H, d, 7  6.5 
Hz, 21-Me), 2.04 (3H, s, 30-Me), 2.36 (1H, m, 712.7 Hz, 4p-77), 2.48 (1H, d, 7
14.1 Hz, 4«-//), 4.70 (1H, m, 3«-H ), 5.22 (2H, m, 22- and 23-77), 5.38 (1H, d, 7
2.5 Hz, 7-77), 5.54 (1H, d, 7 4.0 Hz, 6-77), (lit.,89 (500 MHz; CDC13) 0.62 (18- 
Me), 0.81 (26- and 27-Me), 0.92 (28-Me), 0.95 (19-Me), 1.02 (21-Me), 2.05 
(30-Me), 2.35 (4p-/7), 2.50 (4a-77), 4.68 (3a-77), 5.18 (22-77), 5.21 (23-/7), 5.35 
(7-/7), 5.54 (6-77)).
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Synthesis o f  (E rgostery l acetate)tricarbonyliron(O ) 61
(2-Methyl-4-phenyl-1 -oxabuta-1,3-diene)tricarbonyliron(0) 91 (0.25 g, 0.86 
mmol), triiron dodecacarbonyl (0.45 g, 0.86 mmol) and ergosteryl acetate 234 
(0.33g, 0.84 mmol) were stirred in toluene at 110 °C for 24 h under an 
atmosphere o f nitrogen. The resulting mixture was filtered through alumina and 
the solvent removed under reduced pressure to give a yellow gum. This gum 
was chromatographed on silica gel using a 1:20 mixture of ethyl acetate and 
light petroleum ether. The eluent was evaporated and the product was digested 
in methanol. Unreacted ergosteryl acetate 234 was removed as a precipitate and 
the resultant solution was left to stand at -20 °C overnight, whereupon complex 
61 had crystallised, (0.20 g, 42 %). 5H (300 MHz; CDC13) 0.71 (3H, s, 18-Me),
0.82 (6H, 2xd, J  6.3 Hz, 26- and 27-Me), 0.89 (3H, d, J  6.2 Hz, 28-Me), 0.91 
(3H, s, 19-Me), 0.99 (3H, d, J  6.6 Hz, 21-Me), 2.02 (3H, s, 30-Me), 2.34 (IH , 
m, J  12.8 Hz, 4p-//), 4.73 (IH , m, 3a-//), 4.88 (IH , d, J4.1 Hz, 7-/7), 5.17 (2H, 
m, 22- and 23-77), 5.22 (IH , d, J  4 2  Hz, 6-/7), lit.,89 (500 MHz; CDC13) 0.70 
(18-Me), 0.80 (27-Me), 0.82 (26-Me), 0.89 (28-Me), 0.90 (19-Me), 0.99 (21- 
Me), 1.85 (30-Me), 2.15 (4p-/7), 4.72 (3a-/7), 4.88 (7-77), 5.17 (22- and 23-//), 
5.20 (6-/7)).
Reaction  o f  (E rgostery l aceta te )trica rbony liron (0 ) 61 with 1 M o la r  R atio  o f  
Lith ium  Alum iniumhydride
To a suspension of lithium aluminiumhydride (0.003 g, 0.09 mmol) in ether (5 
ml) at 0 °C was added dropwise a solution of (ergosteryl 
acetate)tricarbonyliron(O) 61 (0.05 g, 0.09 mmol) in ether (5 ml) and the
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resulting mixture was stirred at 0 °C for 5 h and then quenched with methanol. 
After being allowed to warm to room temperature the dark mixture produced 
was slurried with alumina and filtered by gravity. The ether was removed under 
reduced pressure to yield a yellow gum, (0.038 g, 76 %) which was identified as 
(ergosterol)tricarbonyliron(O) 235 on the basis o f its 'H N M R  spectrum. vmax 
(C4C16) 2 033s (CO), 1 964s (CO) and 1 930m cm'1 (CO), (lit.,86 (CHC13) 2 034s 
(CO), 1 962s (CO) and 1 928w cm'1 (CO)); 5H (300 MHz; CDC13) 0.72 (3H, s, 
18-Me), 0.80-0.84 (6H, 2 x d, J5.4 Hz, 26- and 27-Me), 0.906 (3H, d, J 6 A  Hz,
28-Me), 0.908 (3H, s, 19-Me), 0.99 (3H, d, J  6.6 Hz, 20-Me), 2.26 (IH , tr, J
12.6 Hz, 4p-/7), 3.71 (IH , m, 3«-//), 4.90 (IH , d, J 4.2 Hz, 7-H) ,  5.14 (2H, m, 
22- and 23-/7), 5.22 (IH , d, J  4.1 Hz, 6-/7), (lit.,86 (60 MHz; CDC13) 5.24 (2H, 
m, 6-H and 7-H).
Reaction  o f  (E rgostery l acetate)tricarbonyliron (O ) 61 with 10 M o la r  Ratios o f  
Lith ium  Alum iniumhydride
A  solution of (ergosteryl acetate)tricarbonyliron(O) 61 (0.10 g, 0.17 mmol) in 
dry ether (5 ml) was added to a suspension of lithium aluminiumhydride (0.066 
g, 1.7 mmol) in ether (5 ml) at 0 °C. The resulting mixture was then refluxed 
for 3 h. The cooled reaction mixture was quenched with methanol and stirred 
for 0.25 h before being filtered through alumina. The solvent was removed 
under reduced pressure to give a white solid, (0.044 g, 65 % ) which was 
identified as 5a-ergosta-7,22-dienol 233 on the basis o f its ]H and 13C N M R  
spectra. 8H (300 MHz; CDC13) 3.59 (IH , m, 3«-/7), 5.19 (3H, m, 22- and 23-77 
and 7-77); 8C (75 MHz; CDC13) 12.07 (C18), 13.02 (C19), 17.59 (C28), 19.63
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(C21), 19.94 (C26), 21.52 (C27), 21.47 (C l l ) ,  22.91 (C15), 28.09 (C16), 29.62 
(C6), 31.45 (C2), 33.07 (C25), 34.08 (CIO) 37.12 (C l), 37.96 (C4), 39.43 
(C l2), 40.24 (C5), 40.47 (C20), 42.77 (C24), 49.43 (C9), 55.09 (C14), 55.94 
(C l7), 71.03 (C3), 117.44 (C7), 131.86 (C22), 135.65 (C23) and 139.56 (C8), 
(lit.,91 25 MHz; CDC13) 12.1 (C18), 13.0 (C19), 17.5 (C28), 19.6 (C21), 19.9 
(C26), 21.1 (C27), 21.5 (C l l ) ,  22.9 (C15), 28.1 (C16), 29.6 (C6), 31.4 (C2),
33.0 (C25), 34.1 (CIO), 37.1 (C l), 37.9 (C4), 39.4 (C12), 40.2 (C5), 40.4 (C20), 
42.7 (C24), 43.1 (C13), 49.4 (C9), 55.0 (C14), 55.8 (C17), 70.8 (C3), 117.1 
(C7), 131.4 (C22), 135.2 (C23) and 139.0 (C8)).
Synthesis and in situ Reduction o f  (16-Dehydropregnenylone
aceia te)lricarbonyliron (G ) 92 with L ith ium  Alum inium  Hydride 
16-Dehydropregnenylone acetate 231 (0.25 g, 0.70 mmol) was dissolved in 
toluene (2 ml) to which was added diiron nonacarbonyl (0.51 g, 1.40 mmol) as 
a suspension in toluene (3 ml) and the mixture was degassed. The 
complexation was carried out at 40 °C under an atmosphere o f nitrogen for 3 h 
and then the solvent was removed in vacuo to afford a red/brown gum identified 
as 92 on the basis of its !H N M R  and IR spectra. vmax (thin film) 2 061s (CO), 2 
000s (CO) and 1 969m cm'1 (CO); SH (300 MHz; CDC13) 2.44 (3H, s, 21-Me), 
2.62 (1H, d, 16-H), 4.60 (1H, m, 3a-H) and 5.38 (1H, m, 6-H). The gum was 
redissolved in dry ether (2 ml) and LiAlH4 (0.27 g, 7.0 mmol) was added as a 
suspension in ether (3 ml). The reaction was stirred for 3 h at 0 °C under an 
atmosphere of nitrogen and then quenched with methanol. The solution was 
allowed to warm to room temperature and then the resulting mixture was
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filtered through alumina and the solvent removed to afford the crude product 
mixture which was analysed by *H N M R  spectroscopy in order to determine the 
product ratios.
Reduction o f  16-Dehydropregnenylone Acetate 231 with Sodium Borohydride  
16-Dehydropregnenylone acetate 231 (0.20 g, 0.56 mmol) was dissolved in 
methanol (5 ml) and the solution was cooled to 0 °C. Sodium borohydride 
(0.21 g, 5.6 mmol) was added as a suspension in methanol (5 ml) and the 
mixture was stirred for 3 h at 0 °C. The reaction mixture was then poured onto 
a saturated solution of brine and extracted with diethyl ether (2 x 10 ml). The 
combined organic layers were dried over magnesium sulphate and then the 
solvent was removed under reduced pressure to afford the product 3/?-acetoxy- 
5,16-pregnadien-20-ol 240a in quantitative yield. 8H (300 MHz; CDC13) 1.33 
and 1.36 (3H, 2 x d, J  6.6 Hz, 21-Me), 2.03 (3H, s, C H 3CO), 4.38 (IH , m, 20- 
H), 4.61 (IH , m, 3a-H), 5.4 (IH , m, 6-H) and 5.66 (IH , m, 16-H).
Reduction o f  Pregnenolone 240b with Sodium Borohydride
Pregnenolone 240b (0.20 g, 0.63 mmol) was dissolved in methanol (5 ml) and 
then sodium borohydride (0.24 g, 6.32 mmol) was added as a suspension in 
methanol at 0 °C. The mixture was stirred for 3 h, poured onto a saturated 
solution of brine and extracted with diethyl ether ( 2 x 1 0  ml). The organic 
layers were dried over magnesium sulphate and the solvent was removed to 
afford 3/?-hydroxy-5-pregnen-20-ol 240c in quantitative yield. 8H (300 MHz; 
CDC13) 0.77 (3H, s, 18-Me), 1.02 (3H, s, 19-Me), 1.16 (3H, d, J  6.1 Hz, 21-
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Me), 3.52 (IH , m, 3a-H), 3.73 (IH , m, 20-H) and 5.35 (IH , d, J5.1 Hz, 6-H). 
5C (75 MHz; CDC13) 12.36 (18-Me), 19.39 (19-Me), 20.91 (C l l ) ,  23.63 (21- 
Me), 24.52 (C16), 25.61 (C15), 31.62 (C2), 31.71 (C8), 31.89 (C7), 36.51 (CIO,
37.22 (C l), 39.86 (C12), 42.25 (C4), 50.07 (C9), 56.18 (C14), 58.43 (C17),
70.56 (C20), 71.74 (C3), 121.51 (C6) and 140.82 (C5).
G enera l Procedure f o r  the Addition o f  Hydride Transfer Reducing Agents to (1 - 
H ete ro -l, 3-diene) tricarbonyliron  (0 ) Complexes
The complex (0.05 g) was dissolved in either dry THF or toluene (5 ml) and the 
solution was repeatedly degassed and filled with nitrogen. The solution was 
then cooled to 0 °C in an ice-bath and the reducing agent (1, 2 or 5 equivalents) 
was added via a syringe and needle. The resulting darkened mixture was stirred 
for 3 h at 0 °C under an atmosphere of nitrogen. The reaction was then 
quenched with methanol and allowed to warm to room temperature for 15 min. 
The mixture was filtered through a plug of deactivated alumina to remove 
residual solids and then the solvent was removed under reduced pressure to 
afford the crude product mixture as a red/brown gum. This gum was analysed 
by *H N M R  in order to determine the product ratios.
G enera l Procedure f o r  the P repara tion  o f  H ydroch loride Salts o f  Am ines 
The amine (0.10-0.20 g) was dissolved in dry diethyl ether (10 ml) and stirred. 
HC1 gas was generated by placing sodium chloride (10 g) in a two-neclced flask 
and allowing concentrated sulphuric acid to drip into the flask. The gas was
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transferred via a tube and needle to the stirring solution o f the amine. After the 
HC1 gas has been bubbling through the solution for a few minutes the HC1 salt 
began to precipitate out. The precipitate was removed by filtration and the HC1 
salt was washed with dry ether.
Prepara tion  o f  (4 -Pheny l-1 -oxabuta-1,3-diene) trica r bony liron (O ) 4 
4-Phenyl-1-oxabuta-1,3-diene 67 (0.50 g, 3.78 mmol) was dissolved in toluene 
(10 ml) to give a pale yellow solution. To this solution was added diiron 
nonacarbonyl (2.75 g, 7.57 mmol) as a suspension in toluene (10 ml). The 
apparatus was repeatedly degassed and filled with nitrogen before the mixture 
was heated at 40 °C for 3 h whereupon a dark brown solution had formed. This 
solution was filtered through a plug o f alumina to remove traces of metallic iron 
and the solvent was removed under reduced pressure to yield a red amorphous 
solid. Chromatography on silica gel using ethyl acetate and hexane (1:3) as the 
eluent and collecting the first red band, followed by evaporation of the solvent 
afforded (4-pheny 1-1-oxabuta-1,3-diene)tricarbonyliron(O) 4 as red crystals, 
(0.56 g, 54 %). Mp 73-74 °C; vmax. (nujol) 2 072vs (CO), 2 014vs (CO ) and 1 
993vs cm’1 (CO), lit.,5 (hexane) 2 073 (CO), 2 015 (CO ) and 1 994 cm'1 (CO )); 
5h (300 MHz; CDC13) 3.27 (1H, d, 7 9.5 Hz, PhC//=CH), 6.12 (1H, dd, 7 9.5 
Hz, PhCH=C/7), 7.28-7.61 (6H, m, Ph/7 and C/7=0), (lit.,5 (CC14) 3.13 (1H, d, 7
9.6 Hz, PhC//=CH), 5.95 (1H, PhCH=C//)).
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Synthesis o f  3 -P h en y lp rop -2 -en -l-o l 243a
4-Phenyl-1-oxabuta-1,3-diene 67 (0.20 g, 1.51 mmol) was dissolved in toluene 
(5 ml) and cooled to 0 °C in an ice-bath. To this solution was added 
DIBAL (1.5 M  in toluene, 2.0 ml, 3.02 mmol) and the resulting mixture was 
stirred at 0 °C for 30 min. The reaction was then quenched with methanol and 
filtered through alumina. The solvent was removed under reduced pressure to 
yield the product 243a as a colourless oil in quantitative yield. 8H (300 MHz; 
CDC13) 4.33 (2H, m, C772OH), 6.35 (IH , dt, J2.3 5.7 Hz and J3_4 15.8 Hz, 
PhCH=Ctf), 6.60 (IH , d, J  15.8 Hz, PhC/7=CH) and 7.16-7.41 (5H, m, PhH ).
P repara tion  o f  l-M eth y l-3 -p h en y lp rop -2 -en -l-o l 244a
In a qualitative reaction, 2-methy 1-4-phenyl-1-oxabuta-1,3-diene 130 (0.20 g,
1.4 mmol) was dissolved in toluene (5 ml) and the solution was cooled to 0 °C  
whereupon DIBAL (1.0 M  in toluene, 2.8 ml, 2.8 mmol) was added. The 
reaction was stirred for 3 h at 0 °C and then quenched with methanol. The 
mixture was allowed to warm to room temperature, filtered through alumina, 
and the solvent removed under reduced pressure to afford 244a as a colourless 
oil in almost quantitative yield. SH (300 MHz; CDC13) 1.35 (3H, d, J  6.4 Hz, 
CH 3), 4.46 (IH , m, Ci7(OH)CH3), 6.24 (IH , dd, J2.3 6.4 Hz and J3.4 15.9 Hz, 
PhCH=CH), 6.54 (IH , d, J  15.9 Hz, PhC#=CH) and 7.17-7.37 (5H, m, PhH ).
P repara tion  o f  1 -t-B u ly l-3 -phenylprop-2 -en -1 -o l  245a
2-/-Butyl-4-phenyl-1-oxabuta-1,3-diene 246 (0.20 g, 1.06 mmol) was dissolved
in dry toluene (5 ml) and cooled to 0 °C. To this solution was added
Chapter 8: Experimental 236
DIB AT. (1,0 M  in toluene, 2.12 ml, 2.12 mmol) dropwise and the reaction 
was stirred for 1 h before being quenched with methanol and allowed to warm 
to room temperature. The resulting mixture was filtered through alumina and 
the solvent was removed under reduced pressure to afford the product 245a as a 
colourless oil in quantitative yield. 8H (300 MHz; CDC13) 0.97 (9H, s, 
C(C773)3), 3.93 (IH , d, J 7.0 Hz, C H (C(CH3)3)OH), 6.29 (IH , dd, J2_3-7.2 Hz and 
J3.4 15.9 Hz, PhCH=C/7), 6.58 (IH , d, J  15.9 Hz, PhC/7=CH) and 7.21-7.40 
(5H, m, Ph/7).
Prepara tion  o f  3 -P h en y lp rop a n -l-o l 243c
4-Phenyl-1-oxabut-l-ene 243b (0.20 g, 1.5 mmol) was dissolved in toluene (5 
ml) and the solution was cooled to 0 °C, To this solution was added 
DIBAL (1.5 M  in toluene, 1.3 ml, 2.0 mmol) and the resulting mixture was 
stirred at 0 °C for 1 h. The reaction was quenched with methanol and then 
filtered through alumina. The solvent was removed under reduced pressure to 
afford 243c as a colourless oil in quantitative yield. 8H (300 MHz; CDC13) 1.89 
(2H, m, PhCH2C772), 2.70 (2H, t, J  7.4 Hz, PhC//2CH2), 3.67 (2H, t, J  6.33 Hz, 
C772OH) and 7.16-7.31 (5H, m, Ph/7).
Synthesis o f  1-M eth y l-3 -ph eny lp ropan -l-o l 244c
2-Methyl-4-phenyl-1-oxabut-l-ene 244b (0.20 g, 1.3 mmol) was dissolved in 
toluene (5 ml) and cooled to 0 °C. To this solution was added 
DIBAL (1.5 M  in toluene, 1.0 ml, 1.5 mmol) and the resulting mixture was 
stirred at 0 °C for 1 h. The reaction was then quenched with methanol, filtered
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through alumina, and the solvent removed under reduced pressure to afford the 
crude product 244c as a colourless oil in about 60 % yield. 8H (300 MHz; 
CDC13) 1.19 (3H, d, J  6.2 Hz, C773), 1.74 (2H, m, PhCH2CH 2), 2.63-2.73 (2H, 
m, PhC/72CH2), 3.84 (1H, m br, C//(OH)CH3) and 7.14-7.28 (5H, m, Phi/). 8C 
(75 MHz; CDC13) 23.37 (CH3), 32.00 (PhCH2CH2), 40.67 (PhCH2CH2), 67.25 
(C (CH3)OH), 125.66, 128.27 and 141.99 (Ph).
Prepara tion  o f  2 -t-Buty l-4~phenyl-l-oxabuta-1,3-diene 246 
Benzaldehyde 55 (5.0 g, 47.1 mmol) was dissolved in a solution o f sodium 
hydroxide (0.75 g, 18.8 mmol) in water (40 ml) and refluxed. To this solution 
was added pinacolone 253 (5.9 ml, 47.1 mmol) dropwise over a period o f 1 h. 
The mixture was refluxed for a further 24 h and was then allowed to cool to 
room temperature and extracted with dichloromethane (3 x 40 ml). The 
combined organic extracts were washed with a saturated solution of brine (20 
ml) and dried over magnesium sulphate. The solvent was removed under 
reduced pressure to give a yellow oil which was dissolved in hexane and cooled 
to -20 °C to afford the title compound 246 as pale yellow crystals, (4.06 g, 46 
%). Mp 40 °C (lit,63 43 °C); (found: C, 82.77; H, 8.66 %; C 13H 160  requires C, 
82.93; H, 8.57 %); vmax. (nujol) 1 689vs (CO) and 1 613m cm'1 (C=C), (lit,63 1 
687 (CO), 1 612 cm'1 (C=C )); SH (300 MHz; CDC13) 1.23 (9H, s, C(C//3)3), 7.14 
(1H, d, J  15.6 Hz, PhCH=C/7), 7.26-7.58 (5H, m, Ph/7) and 7.69 (1H, d, J  15.6 
Hz, PhC77=CH).
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Prepara tion  o f  1 -(§-M ethoxyphenyl)-4-phenyl-1 -azabuta-1,3-diene 247  
/P-Methoxyaniline (2.46 g, 20 mmol) was dissolved in ether to give a dark 
yellow solution. To this solution was added 4-phenyl-1-oxabuta-1,3-diene 67 
(2.64 g, 20 mmol) and the mixture was stirred for 15 min at 0 °C. Removal of 
the solvent under reduced pressure afforded 1 -^J-methoxy)-4-phenyl-1 -azabuta-
1.3-diene 247 as a yellow solid which was recrystallised from ethanol, (3.31 g, 
70 %). Mp 115-116 °C; (foimd: C, 80.93; H, 6.33; N, 5.86 % C 16H 15NO  
requires C, 80.98; H, 6.37; N, 5.90 %); vmax (nujol) 1 631m (C=N ) and 1 585m 
cm'1 (O C ) ;  5h (300 MHz; CDC13) 3.83 (3H, s, OC/73), 6.91-7.54 (11H, m, 2 x 
Ph/7, PhC77=C/7), 8.30 (IH , dd, J4.6 Hz, C/7=N).
Prepara tion  o f  N ,3-diphenylprop-2-enam ine 248a
1.4-Diphenyl-1-azabuta-1,3-diene 69 (0.20 g, 0.96 mmol) was dissolved in dry 
toluene (5 ml) and the solution was cooled to 0 °C. 
DIBAL (1.5 M  in toluene, 1.28 ml, 1.92 mmol) was added dropwise and the 
mixture was stirred for 3 h at 0 °C. The reaction was quenched with methanol, 
filtered through alumina and the solvent was removed to afford the product 
248a as a brown oil. vmax (liquid film) 3 415m (NH ) and 1 604w cm'1 (C=C); 
5h (300 MHz; CDC13) 3.94 (2H, m, C/72N), 6.32 (IH , dt, J2.3 5.7 Hz and J2.A
15.9 Hz, PhCH=C/7) and 6.60-7.38 (11H, m, PhC77=CH and 2 x Ph//); 8C (75 
MHz; CDC13) 46.1 (CH2NH), 112.9, 117.5, 126.2, 127.4, 129.1, 131.4, 136.7, 
and 147.9 (2 x Ph and PhCH=CH); m/z (EI) 209 (M +, 40 %) and 117 (100, M - 
NHPh).
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Prepara tion  o f  N - (p-M ethoxyphenyl)-3-phenylprop-2-enam  ine 249a
l-^P-Methoxyphenyl)-4-phenyl-l-azabuta-l,3-diene 247 (0.20 g, 0.84 mmol) 
was dissolved in dry toluene (5 ml) and the solution was cooled to 0 °C. 
DIBAL (1.5 M  in toluene, 1.12 ml, 1.60 mmol) was added dropwise and the 
mixture was stirred for 3 h at 0 °C. The reaction was quenched with methanol, 
filtered through alumina and the solvent was removed to afford the product 
249a as a brown oil. vniax (nujol) 3 380m (NH) and 1 604w cm"1 (C=C); 8H (300 
MHz; CDC13) 3.74 (3H, s, OC/73), 3.88 (2H, dd, J  1.4 and 5.8 Hz, Ci72N ), 6.32 
(IH , dt, J2.3 5.8 Hz and J3.4 15.9 Hz, PhCH=C/7) and 6.62-7.38 (11H, m, 
PhC/7=CH and 2 x Ph/7); 5C (75 MHz; CDC13) 47.11 (CH2NH ), 55.69 (OCH3),
114.3, 114.8, 126.2, 127.3, 127.4, 128.4, 131.3, 136.8, 142.2, and 152.2 (2 x Ph 
and PhCH=CH); m/z (E l) 239 (M +,70 %) and 117 (100, M-122).
Reaction o f  2-M ethyl-1 ,4 -d iphenyl-l-azabuta -l ,3-diene 74 with Sodium  
Borohydride
Sodium borohydride (0.17 g, 4.5 mmol) was slurried in methanol and cooled to 
0 °C. To this mixture was added 2-methyl-1,4-diphenyl-l-azabuta-l,3-diene 74 
(0.20 g, 0.9 mmol) as a solution in methanol in a dropwise fashion and the 
reaction was stirred for 3 h. The resulting mixture was poured onto a saturated 
brine solution and extracted with ether (2 x 20 ml). The combined ethereal 
extracts were washed with water (10 ml) and then dried over magnesium 
sulphate. The solvent was removed under reduced pressure to give l-methyl-//,3- 
diphenylprop-2-enamine 122 as a brown oil, (0.17 g, 83 %).
(Found: C, 85.75; H, 7.57; N, 6.65 %, C 16H17N  requires C, 86.06; H, 7.67; N,
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6.27 %); v,„„ (liquid film) 3 410w cm'1 (NH); 8H (300 MHz; CDC13) 1.37 (3H, 
d, .76.6 Hz, CH(CH3)NH ), 4.12 (1H, m, CH(CH3)NH), 6.19 (1H, dd, 5.8 Hz 
and ,/3.( 16.0 Hz, PhCH=CH), 6.56 (1H, d, 16.0 Hz, P h C H C H ) and 6.62-7.34 
(10H, m, 2 X  Ph H);8C (75 MHz; CDC13) 22.02 (CH3), 50.79 (CH (CH3)NH ), 
129.21 (Ph C H C H ), 133.13 (PhCH=CH), 113.35, 117.29, 126.27, 127.29, 
128.46, 128.58, 129.06, 129.15, 136.92 and 147.33 (2 x Ph).
Reduction o f  2 -M ethy l-1 -(f-m ethoxyphenyl)-4 -phenyl-1-azabuta-1,3-diene 139 
with Sodium Borohydride
Sodium borohydride (0.17 g, 4.5 mmol) was slurried in methanol and cooled to 
0 °C. To this mixture was added 2-methyl-1 -^-methoxyphenyl)-4-phenyl-1- 
azabuta-l,3-diene 139 (0.2 g, 0.9 mmol) as a solution in methanol in a dropwise 
fashion and the reaction was stirred for 3 h. The resulting mixture was poured 
onto a saturated brine solution and extracted with ether (2 x 20 ml). The 
combined ethereal extracts were washed with water (10 ml) and then dried over 
magnesium sulphate. The solvent was removed under reduced pressure to give
l-methyl-!V-(/)-methoxyphenyl)-3-phenylprop-2-enamine 250a as a brown 
oil, (0.17 g, 84 %). Mp 133-135 °C (as the HC1 salt); (found: C, 80.58; H, 7.60; 
N, 5.60 %, C|6H 17N  requires C, 80.60; H, 7.56; N, 5.53 %); vmax (liquid film) 3 
397br (NH ) and 1 599w cm'1 (C=C); 8„ (300 MHz; CDC13)  1.36 (3H, d, 6.6 
Hz, CH(CH3)NH), 3.71 (3H, s, OCH,), 4.04 (1H, m, J  6.4 Hz, CH(CH3)NH ), 
6.19 (1H, dd, J6.0 and 16.0 Hz, PhCH=CH), 6.55 (1H, d, 16.0 Hz, 
PhCH=CH) and 6.59-7.35 (10H, m, 2 x PhH); 8C (75 MHz; CDC13) 22.07 
(CH3), 51.79 (CH (CH3)NH), 55.70 (OCH3), 129.18 (P h C H C H ), 133.51
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(PhCH=CH), 114.75, 114.88, 126.24, 127.26, 128.46, 136.97, 141,53 and 
152.02 (2 x Ph); m/z (FAB ) 253 (M +, 95 %), 150 (25 M-103) 131 (100, M-122) 
and 91 (15, C7H7).
Prepara tion  o f  1,4 -D iphenyl- 1-azabut-l-ene 248b
4-Phenyl-1-oxabut-l-ene 243b (3.00 g, 22 mmol) was dissolved in ether (10 
ml) and the solution was cooled to -78 °C. To this solution was added aniline 
(2.08 g, 22 mmol) dropwise and the reaction was stirred for 3 h. The product 
precipitated as a white solid and was removed by filtration and then washed 
with cold hexane (-78 °C). The product polymerises rapidly as it warms up so a 
’H N M R  spectrum must be obtained quickly in order to observe the 
characteristic triplet at about 7.8 ppm. 8H (300 MHz; CDC13) 7.92 (IH , t, 
C/7=N).
Prepara tion  o f  l-(p -M ethoxyphenyl)-4 -phenyl-1 -azabut-l-ene 249b 
4-Phenyl-1-oxabut-l-ene 243b (3.00 g, 22 mmol) was dissolved in ether (5 ml) 
and the solution was cooled to -20 °C. To this solution was added /$- 
methoxyaniline (2.91 g, 22 mmol) as a solution in ether (10 ml) and the reaction 
was stirred for 3 h. The product 249b precipitated as a grey solid and was 
removed by filtration and then washed with cold hexane (-20 °C). The product 
polymerises rapidly when warming to room temperature so a 'H N M R  spectrum 
must be obtained quickly. 5H (300 MHz; CDC13) 2.75 (2H, m, PhCH2Ci72),
3.00 (2H, t, J8.2 Hz, PhC/72CH2), 3.80 (3H, s, OCtf3), 6.84-7.31 (9H, m, 2 x 
Ph/7) and 7.90 (IH , t, J 4.1 Hz, C/7=N).
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Synthesis o f  2 -M ethy l-1,4-diphenyl- 1 -azabut-l-ene 251
2-Methyl-4-phenyl-l-oxabut-l-ene 244b (7.96 g, 53.7 mmol) and aniline (5.00 
g, 53.7 mmol) were dissolved in dry toluene (70 ml) and refluxed over M gS04 
using a Dean and Stark attachment for 72 h. The resulting mixture was filtered 
and the solvent removed to give a brown oil which was shown to contain the 
starting materials and a 2:1 mixture of E  and Z  251 on the basis o f its !H N M R  
spectrum. 5H (300 MHz; CDC13) 1.76 and 2.12 (3H, 2 x s ,  C H 3), 2.48, 2.74-
2.86 and 3.06 (4H, 4 x t, PhC H 2C H 2).
Synthesis o f  2 -M ethy l-l-(4 -m ethoxypheny l)-4 -pheny l-l-azabut-l-ene 250b
2-Methyl-4-phenyl-l-oxabut-l-ene 244b (5.6 g, 37.8 mmol) and 4- 
methoxyaniline (5.0 g, 37.8 mmol) were dissolved in dry toluene (70 ml) and 
refluxed over M gS04 using a Dean and Stark attachment for 3 h. The resulting 
mixture was filtered and the solvent removed to give a brown oil which was 
shown to contain the starting materials and E  and Z  250b on the basis o f its ]H  
NM R  spectrum. 5H (300 MHz; CDC13) 1.75 and 2.15 (3H, 2 x s, C H 3), 2.15, 
2.65-2.71 and 2.99 (4H, 4 x t, PhC H 2C H 2) and 3.72 (3H, s, OCH 3); 6C (75 MHz; 
CDC13) 19.67 (CH3), 32.24 (PhCH2CH2), 42.81 (PhCH2CH2), 55.18 (OCH3), 
and 171.04 (O N ) .
Prepara tion  ofN -(p -M ethoxyphenyl)-3 -phenylpropanam ine 249c 
Freshly prepared l-^-methoxyphenyl)-4-phenyl-1-azabut-l-ene 249b (0.20g,
0.84 mmol) was dissolved in dry toluene (5 ml) at -20 °C and 
dusobutylaluminium hydride (1.1 ml, 1.67 mmol) was added. The reaction was
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stirred for 1 h before being quenched with methanol, filtered through alumina 
and the solvent removed to afford 249c as a brown oil. vmax (CHC13) 3 410 cm'1 
(N H );8 h  (300 MHz; CDC13) 1.92 (2H, m, PhCH2C//2), 2.71 (2H, t, J  7.4 Hz, 
PhC//2CH2), 3.09 (2H, t, 76.9 Hz, Ctf2N ) and 3.72 (3H, s, OCH 3); 8C (75 MHz; 
CDC13) 31.06 (PhCH2CH2), 33.31 (PhCH2CH2), 44.31 (CH2NH), 55.69 (OCH 3), 
113.94, 114.77, 123.78, 128.27, 141.61, 142.50 and 151.90 (2 x Ph); m/z (E l) 
241 (M +, 45 %) and 136 (100, M-PhCH2CH2CH).
Reduction o f  2-M e  thyl-1,4-diphenyl-1-azabut-1-ene 251 with Sodium  
Borohydride
Sodium borohydride (10.20 g, 269 mmol) was slurried in methanol and cooled 
to 0 °C. To this mixture was added 2-methy 1-1,4-diphenyl-1-azabut-1-ene 251 
(12.00 g, 53.7 mmol) as a solution in methanol in a dropwise fashion and the 
reaction was stirred for 3 h. The resulting mixture was poured onto a saturated 
brine solution and extracted with ether (2 x 20 ml). The combined ethereal 
extracts were washed with water (10 ml) and then dried over magnesium 
sulphate. The solvent was removed under reduced pressure to give 1-methyl-A?3- 
diphenylpropanamine 128 as a brown oil, (3.73 g, 31 %). Mp 142-
144 °C (as the HC1 salt); (found: C, 84.94; H, 8.50; N , 6.13 %, C ]6H 19N  requires 
C, 85.29; H, 8.50; N , 6.22 %); vmax (liquid film) 3 390m cm'1 (NH ); SH (300 
MHz; CDC13) 1.20 (3H, d, 7 6.2 Hz, CH(Ci/3)NH), 1.71-2.02 (2H, m, 
PhCH2Ctf2), 2.71 (2H, t, 7 7.8 Hz, PhC/72CH2), 3.39 (1H, s br, N H ), 3.47 (1H, 
q, 7  6.2 Hz, C77(CH3)NH ) and 6.50-7.29 (10H, m, 2 x PhiT); 8C (75 MHz; 
CDC13) 20.69 (CH3), 32.36 (PhCH2CH2), 38.67 (PhCH2CH2), 47.69
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(CH (CH3)NH), 113.03, 116.79, 125.73, 128.27, 128.33, 129.17, 141.87 and 
147.44 (2 x Ph); m/z (FAB) 255 (M +, 80 %), 150 (100, M-105) and 91 (75, 
C7H7).
Synthesis o f  1-M ethyl'-N -(p-m ethoxyphenyl)-3 -phenylpropanamine 250c 
The oil containing E  and Z  (2-methyl- l-^P-methoxyphenyl)-4-phenyl- 1-azabut-
l-ene 250b was dissolved in methanol (30 ml) and cooled to 0 °C. Sodium 
borohydride (7.18 g, 189 mmol) was added as a suspension in methanol (20 ml) 
and the reaction was stirred for 3 h before being poured onto a saturated 
solution of brine. The mixture was then extracted with diethyl ether (2 x 50 ml) 
and the combined organic extracts were dried over magnesium sulphate. 
Removal of the solvent under reduced pressure afforded crude 250c mixture as 
a brown oil. Chromatography on silica gel using ethyl acetate and hexane (1:1) 
as the eluent collecting the first brown band afforded 1 -methyl-V-ty-methoxyphenyl )-
3-phenylpropanamine 250c as a brown gum, (1.15 g, 12 % based on
244b). Mp 140-142 °C (as the HC1 salt); (found: C, 79.82, H, 8.33, N , 5.47 %, 
C17H21NO  requires C, 79.95; H, 8.29; N, 5.49 %); §H (300 MHz; CDC13) 1.16 
(3H, d, J6.3 Hz, C773), 1.64-1.89 (2H, m, PhCH2CH 2), 2.69 (2H, t, J7.8 Hz, 
PhC//2CH2), 3.37 (IH , q, J6.3 Hz, C/7(CH3)NH), 3.70 (3H, s, OCH f) and 6.46-
7.28 (9H, m, 2 x Ph/7); 5C (75 MHz; CDC13) 20.75 (CH3), 32.39 (PhCH2CH2),
38.72 (PhCH2CH2), 48.77 (CH(CH3)NH), 55.66 (OCH3), 114.62, 114.81,
125.72, 128.27, 128.34, 141.67, 141.99 and 151.72 (2 x Ph); m/z (FAB ) 255 
(M +, 100 %), 150 (70, M-105) and 91 (25, C7H7).
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Synthesis o f  (2 -l-B u ty l-4 -pheny l-l -oxabuta-1 ,3 -d iene)tricarbonyliron (0 ) 252
2-/-Butyl-4-pheny I-1-oxabuta-1,3-diene 246 (1.00 g, 5.3 mmol) was dissolved in 
toluene (20 ml). To the resulting solution was added a suspension o f diiron 
nonacarbonyl (3.86 g, 10.6 mmol) in toluene (20 ml). The reaction mixture and 
the apparatus were degassed and filled with nitrogen and the mixture was stirred 
at 40 °C for 3 h under an atmosphere of nitrogen. The deep red solution 
produced was filtered through alumina and the solvent was removed under 
reduced pressure to give a red oil that crystallised on cooling. Chromatography 
on silica gel eluting with chloroform yielded (2-/-butyl-4-phenyl- 1-oxabuta-1,3- 
diene)tricarbonyliron(O) 252 as red crystals, (1.26 g, 72 %). Mp 97-99 °C; 
(found: C, 58.01; H, 4.86 % C16H 160 4Fe requires C, 58.56; H, 4.91 %); vmax. 
(C4C16) 2 064vs (CO), 2 004vs (CO) and 1 985vs cm'1 (CO); 8H (300 MHz; 
CDC13) 1.42 (9H, s, C (C tfY ), 3.06 (IH , d, .79.0 Hz, PhC/7=CH), 6.08 (IH , d, J
9.0 Hz, PhCH=C/7) and 7.15-7.40 (5H, m, Ph/7); 8C (75 MHz; CDC13) 26.28 
(C (CH3)3), 28.97 (C (CH3)3), 60.91 (C4), 71.65 (C3), 126.82, 126.97, 128.24,
128.78 and 130.16 (Ph and C2).
Synthesis o f  (1 ~(p-M ethoxyphenyl)-4-phenyl-l -azabuta-1,3-d iene)-
tricarbonyliron (O ) 255
l-(^-Methoxyphenyl)-4-phenyl-l-azabuta-1,3-diene 247 (0.85 g, 3.6 mmol) was 
dissolved in toluene (20 ml). To the resulting solution was added a suspension 
of diiron nonacarbonyl (1.31 g, 3.6 mmol) in toluene (20 ml). The reaction 
mixture and the apparatus were degassed and filled with nitrogen and the 
mixture was stirred at 40 °C under an atmosphere of nitrogen for 3 h. The deep
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red solution produced was filtered through alumina and the solvent was 
removed under reduced pressure to give a red oil that crystallised on cooling. 
Chromatography on silica gel using hexane and ethyl acetate (3:1) yielded 255 
as red crystals, (0.35 g, 26 %). Mp >215 °C; vlnax (nujol) 2 058vs (CO), 1 986vs 
(CO ) and 1 962vs cm'1 (CO), (lit,39 (pentane) 2 059 (CO), 1 998 (CO ) and 1 
987 cm'1 (CO)); 8H (300 MHz; CDC13) 3.45 (1H, d, 79.3 Hz, PhC77=CH), 3.75 
(3H, s, OCH 3), 5.68 (1H, dd, 73_4 9.3 Hz and 72.3 2.8 Hz, PhCH=C77), 6.71-6.93 
(4H, m, Ph//), 6.99 (1H, d, 72.6 Hz, C/7=N) and 7.20-7.34 (5H, m, Ph/7), (lit,39 
(60 MHz; CC14) 3.32 (1H, d, 79  Hz, PhC//=€H), 3.70 (3H, s, OCH 3), 5.68 (1H, 
d, 7 9 Hz, PhCH=C/7).
Preparation  o f  l-(4 -E thanoy lphenyl)-4 -phenyl-l-azabuta -l,3 -d iene 258 
To a suspension of 4-aminoacetophenone 259 (6.76 g, 50 mmol) in ether was 
added 4-phenyl-1-oxabuta-1,3-diene 67 (6.61 g, 50 mmol) and the resulting 
mixture was refluxed over 3 A  molecular sieves for 12 h. The solvent was 
removed under reduced pressure until the volume had been reduced by a half. 
The concentrated solution was then cooled in an ice-bath until the product 
formed as yellow crystals. These crystals were recovered by filtration and 
washed with cold hexane, (3.76 g, 30 %). Mp 122-124 °C, (found: C, 81.6; H, 
5.94; N , 5.55 % C17H 15N O  requires C, 81.9; H, 6.06; N, 5.62 %); vmax. (nujol) 1 
671vs (CO), 1 627w (C=N ) and 1 581w cm'1 (C=C); 8H (300 MHz; CDC13) 2.61 
(3H, s, CH 3\  7.19-8.00 (11H, m, 2 x Ph/7 and PhC//=€/7), 8.27 (1H, m, 
C77=N), (lit,101 (60 MHz; CDC13) 8.2 (1H, t, C77=N)); 8C (75 MHz; CDC13) 
26.57(COCH3), 120.89, 127.65, 128.14, 128.97, 129.74, 129.97, 134.58,
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135.24, 155.96 (2 x Ph and C3) 145.52 (C4), 163.08 (C =N ) and 197.21 (C =0 ); 
m/z (FAB) 249 (M +, 55 %) and 91 (20, C7H7).
Synthesis o f  (l-(4 -E thanoy lpheny l)-4 -pheny l-l-azabuta -l, 3-d iene)tricarbonyl 
iron (0 ) 256
l-(4-Ethanoylphenyl)-4-phenyl-l-azabuta-1,3-diene 258 (1.00 g, 4.0 mmol) was 
dissolved in toluene (20 ml) producing a yellow solution to which was added 
diiron nonacarbonyl (2.92 g, 8.0 mmol) as a suspension in toluene (20 ml). The 
reaction was stirred at 40 °C for 3 h under an atmosphere o f nitrogen to give a 
bright red solution. This solution was filtered through alumina to remove traces 
of iron and the solvent was removed to yield a red solid. The crude material 
was chromatographed on silica gel using chloroform as the eluent to yield (l-(4 -  
ethanoylphenyl)-4-phenyl-l-azabuta-l,3-diene)tricarbonyliron(O) 256 as red 
crystals, (1.01 g, 65 %). Mp 129-131 °C; (found: C, 61.03; H, 3.77; N , 3.46 %  
C2oH15NFe04 requires C, 61.72; H, 3.88; N, 3.46 %); vniax (nujol) 2 059vs (CO), 
1 992vs (CO), 1 979vs (CO ) and 1 673vs cm"1 (CO); 8H (300 MHz; CDC13) 2.53 
(3H, s, CH 3), 3.43 (IH , d, J9 .5  Hz, PhCi/=CH), 5.80 (IH , dd, J9 .5  and 2.8 Hz, 
PhCH=C//)> 6.88-7.35 (9H, m, 2 x Ph/7) and 7.80 (IH , d, J8.5 Hz, C H = N ); 8C 
(75 MHz; CDC13) 26.34 (Ph(CO)CH3), 63.05 (C4), 76.05 (C3), 101.25 (C2), 
121.55, 126.62, 127.25, 128.90, 129.80, 131.18, 138.24 and 158.22 (2 x Ph ) 
and 196.75 (Ph(CO)CH3); m/z (FAB) 458 (20, M+69), 361 (12, M -CO), 333 
(15, M-2CO) and 305 (100, M-3CO).
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Prepara tion  o f  l-(4 -(2 -H ydroxyethyl)phenyl)-4 -phenyl-J-azabuta-l,3 -d iene 264 
4-Aminoacetophenone 259 (2.00 g, 14.8 mmol) was dissolved in methanol (20 
ml) and cooled to 0 °C. To this solution was added a suspension o f sodium 
borohydride (2.81 g, 74 mmol) in methanol and the resulting mixture was 
stirred for 1 h and then poured onto a solution of saturated brine. This mixture 
was extracted with diethyl ether (2 x 50 ml) and the combined ethereal extracts 
were washed with water before being dried over magnesium sulphate. Previous 
attempts to isolate the substituted aniline had resulted in the formation o f a 
dimer so the solvent was reduced to about 50 ml under reduced pressure and 
then cooled to 0 °C. 4-Phenyl-1-oxabuta-1,3-diene 67 (1.50 g, 11.3 mmol) was 
added and the mixture was stirred for 3 h. The solvent was removed to give the 
crude product contaminated with 67 as a yellow gum. Chromatography on 
silica gel eluting with a 1:1:4 mixture o f ethyl acetate, diethyl ether and hexane 
afforded the product 264 as a yellow solid, (1.0 g, 35 %); vmax (nujol) 1 627m 
(C=N ) and 1 585w cm'1 (C=C); 5H (300 MHz; CDC13) 1.51 (3H, d, J  6.4 Hz, 
CH(OH)C//3), 4.91 (IH , q, J  5.8 Hz, C//(OH)CH3), 7.10-7.54 (11H, m, 
PhC//=C/7and Ph//) and 8.25 (IH , dd, J  1.0 and 7.1 Hz, C/7=N); 5C (75 MHz; 
CDC13) 25.12 (CH(OH)CH3), 69.88 (CH(OH)CH3), 120.96, 126.27, 127.47, 
128.34, 128.87, 129.59, 135.45, 143.87, 144.13, 150.64 (2 x Ph and PhCH -CH ) 
and 161.54 (C2).
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Synthesis o f  (1 -(4 -(2 -H ydroxyethy l)phenyl)-4 -phenyl-l-azbuta -l,3 -d iene)
tricarbonyliron (O ) 260
l-(4-(2-Hydroxyethyl)phenyl)-4-pheny 1-1-azabuta-1,3-diene 264 (0.90 g, 3.59 
mmol) was dissolved in toluene (5 ml) to which was added a suspension of 
diiron nonacarbonyl (2.16 g, 5.93 mmol) in toluene (20 ml) and the mixture was 
degassed and filled with nitrogen. The mixture was then heated at 40 °C for 3 h 
under an atmosphere o f nitrogen. The solvent was removed under reduced 
pressure and the residue was redissolved in ether and then filtered through 
alumina. Removal of the solvent yielded crude 260 as a red gum. 
Chromatography on silica gel using ethyl acetate and hexane (1:3) as the eluent 
gave the product as a red crystalline solid, (0.76 g, 59 %). Mp 103-105 °C; 
(found: C, 61.66; H, 4.33; N , 3.50 %, C20H 17NFeO4 requires C, 61.41; H, 4.38; 
N, 3.58 %); vmax (nujol) 2 057vs (CO), 1 997vs (CO) and 1 986vs cm'1 (CO); 5H 
(300 MHz; CDC13) 1.44 (3H, d, 76.4 Hz, CH(OH)C/73), 3.37 (1H, d, 79.4 Hz, 
PhC//=CH), 4.81 (1H, m, C77(OH)CH3), 5.71 (1H, dd, 73_4 9.4 Hz and 72_3 2.8 
Hz, PhCH= C H ) and 6.88-7.34 (10H, m, Ph/7 and C77=N); 5C (75 MHz; CDC13) 
24.84 (CH(OH)CH3), 62.18 (C4), 69.86 and 70.04 (CH(OH)CH3), 74.46 (C3),
103.79 (C2), 121.79, 126.17, 126.58, 126.92, 128.77, 138.74, 139.87 and
152.70 (2 x Ph); m/z (FAB) 460 (18, M+69), 363 (10, M -CO), 335 (12, M - 
2CO) and 307 (100, M-3CO).
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Reduction o f  J-(4-Ethanoylphenyl) -4 -phenyl-1 -azabuta-1,3-diene 258 with 
Diisobutylaluminiumhydride
l-(4-Ethanoylphenyl)-4-phenyl-l-azabuta-1,3-diene 258 (0.30 g, 0.8 mmol) was 
dissolved in toluene (10 ml) and the solution was cooled to 0 °C. To this 
solution was added DIBAL (1.5 M in  toluene, 1.6 ml, 2.4 mmol) and the 
reaction was stirred for 0.5 h. The reaction was then quenched with methanol 
and the resulting mixture was filtered through alumina. The solvent was 
removed under reduced pressure to afford A/-4-(2-hydroxyethyl)phenyl-
3-phenylprop-2-enamine 261 as a yellow gum. 8H (300 MHz; CDC13) 1.46 (3H, 
d, J  6.4 Hz, CH(OH)C//3), 3.93 (2H, m, J  5.6 Hz, C//2NH ), 4.79 (IH , q, J  6.4 
Hz, C//(OH)CH3), 6.32 (IH , d, J2.3 5.6 Hz, J 3_4 15.9 Hz, PhCH=C//) and 6.53-
7.38 (10H, m, P h C O C H  and 2 x PhH ).
Prepara tion  o f  1 - (3 -Ethanoylphenyl)-4-phenyl-1-azabuta-1,3-diene 265
4-Phenyl-l-oxabuta-l,3-diene 67 (5.28 g, 38 mmol) and 3-aminoacetophenone 
266 (5.40 g, 38 mmol) were dissolved in ether and stirred for 12 h. The 
solution was reduced and cooled in an ice bath to afford l-(3-ethanoylphenyl)-
4-phenyl-l-azabuta-1,3-diene 265 as yellow crystals which were removed by 
filtration and washed with hexane, (5.95 g, 63 %). Mp 74-76 °C, (found: C, 
82.0; H, 6.00; N, 5.65 % C 17H 15NO  requires C, 81.9; H, 6.06; N , 5.62 %); vmax. 
(nujol) 1 694vs (O O ) ,  1 634m ( O N )  and 1 587w cm’1 (O C ) ;  SH (300 MHz; 
CDC13) 2.63 (3H, s, CH 3), 7.07-7.83 (11H, m, 2 x Ph// and PhCOC/7) and 
8.31 (IH , d, J  8.3 Hz, C O N ) ;  6C (75 MHz; CDC13) 26.77 (COCH3), 120.27,
125.85, 125.92, 12/.59, 128.94, 129.40, 129.2, 135.34, 138.11, 152.08 (C3 and
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2 x Ph), 144.98 (C4), 162.68 ( O N )  and 197.87 ( 0 0 ) ;  m/z (FAB ) 249 (M +, 45 
%) and 91 (15, C7H7).
Synthesis o f  (1 - (3 -E thanoylphenyl)-4 -phenyl-l-azabuta -l,3-d iene)-tricarbonyl 
iron (O ) 257
l-(3-Ethanoylphenyl)-4-phenyl-l-azabuta-l,3-diene 265 (1.00 g, 4.0 mmol) was 
dissolved in toluene (20 ml). To the resulting solution was added a suspension 
of diiron nonacarbonyl (2.92 g, 8.0 mmol) in toluene (20 ml). The mixture was 
stirred at 40 °C for 3 h under an atmosphere of nitrogen. The deep red solution 
produced was filtered through alumina and the solvent was removed under 
reduced pressure to give a red oil that crystallised on cooling. Chromatography 
on silica gel using with chloroform as the eluent yielded 257 as red crystals, 
(1.06 g, 68 %). Mp 107-109 °C; (found: C, 61.60; H, 3.80; N, 3.47 %, 
C20H 15NFeO4 requires, C, 61.72; H, 3.88; N, 3.60 %); vinax (nujol) 2 062vs (CO), 
1 994vs (CO), 1 975vs (CO ) and 1 679vs cm'1 (CO); 5H (300 MHz; CDC13) 2.59 
(3H, s, CH 3), 3.41 (IH , d, J9.4 Hz, PhCtf=CH), 5.77 (IH , dd, J3.4 9.4 Hz, J2_3
2.8 Hz, PhCH=CH ) and 6.98-7.51 (10H, m, 2 x Ph//and Ctf=N); Sc (75 MHz; 
CDC13) 26.68 (CH3), 62.81 (C4), 75.13 (C3), 120.18, 122.62, 126.63, 127.11, 
127.31, 128.85, 129.28, 137.81, 136.47, 153.86 (2 x Ph and C2) and 197.89 
(C =0 ); m/z (FAB ) 458 ( 20, M+69), 361 (10, M -CO), 333 (15, M-2CO) and 
305 (100, M-3CO).
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Prepara tion  o f  3-(2-Hydroxyethyl)aniline 270
3-Aminoacetophenone 266 (2.00 g, 14.8 mmol) was dissolved in methanol (20 
ml) and cooled to 0 °C. To this solution was added a suspension o f sodium 
borohydride (2.81 g, 74 mmol) in methanol and the resulting mixture was 
stirred for 3 h and then poured onto a solution of saturated brine. This mixture 
was extracted with diethyl ether (2 x 50 ml) and the combined ethereal extracts 
were washed with water before being dried over magnesium sulphate. The 
solvent was removed under reduced pressure to afford a yellow gum which was 
identified as 3-(2-hydroxyethyl)aniline 270 on the basis o f its 'H N M R  
spectrum in quantitative yield. 5H (300 MHz; CDC13) 1.45 (3H, d, J  6.5 Hz, 
CH(OH)C//3), 4.78 (1H, q, J  6.5 Hz, C//(OH)CH3) and 6.56-7.14 ( 4H, m, 
Ph/7).
Prepara tion  o f  l-(3 -(2~H ydroxyethyl)phenyl)-4-phenyl-l-azabuta-1,3-d iene 271
3-(2-Hydroxyethyl)aniline 270 (2.03 g, 14.8 mmol) was dissolved in ether (20 
ml) and cooled to 0 °C. 4-Phenyl-1-oxabuta-1,3-diene 67 (1.96 g, 14.8 mmol) 
was added dropwise with stirring and the mixture with stirred for 2 h. The 
solvent was removed under reduced pressure to afford crude 271 as a yellow 
gum. lH N M R  of this gum showed the presence of a substantial amount o f 67 
which was removed by flash chromatography on silica gel eluting with a 5:4:1 
mixture o f ethyl acetate, hexane and diethyl ether. The product was then 
washed off the column with ethyl acetate and the solvent was removed to give 
clean 271 as a yellow gum, (0.84 g, 23 %). 5H (300 MHz; CDC13) 1.52 (3H, d, J
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6.5 Hz, CH(OH)C/73), 4.92 (IH , q, J6.5 Hz, C/7(OH)CH3), 6.71-7.56 (11H, m, 
PhCi7=C77and Ph/7) and 8.27 (IH , d, J7.5 Hz, C77=N).
Synthesis o f  (1~(3 ~(2-Hydroxyethyl)phenyl)-4-phenyl-1 -azbuta-1,3-diene)
tricarbonyliron (O ) 267
1-(3-(2-Hydroxyethyl)phenyl)-4-phenyl-l-azabuta-l,3-diene 271 (0.84 g, 3.35 
mmol) was dissolved in toluene (5 ml) to which was added a suspension of 
diiron nonacarbonyl (2.44 g, 6.70 mmol) in toluene (20 ml) and the resulting 
mixture was heated at 40 °C for 3 h under an atmosphere o f nitrogen. The 
solvent was removed under reduced pressure and the residue was redissolved in 
ether and then filtered through alumina. Removal o f the solvent yielded crude 
267 as a red gum. Chromatography on silica gel using ethyl acetate and hexane 
(1:5) gave the product as a red crystalline solid, (0.55 g, 46 %). Mp 110-112 
°C; (found: C, 61.51; H, 4.32; N , 3.54 %, C20H 17NFeO4 requires C, 61.40; H, 
4.38; N, 3.58 %); vmax. (nujol) 2 058vs (CO), 1 996vs (CO ) and 1 974vs cm’1 
(CO); SH (300 MHz; CDC13) 1.47 (3H, d, J6.4 Hz, CH(OH)C/73), 3.37 (IH , d, J
9.4 Hz, PhC77=CH), 4.85 (IH , m, C/7(OH)CH3), 5.72 (IH , dd, J3.4 9.4 Hz and 
J2.3 2.8 Hz, PhCH=C77) and 6.81-7.34 (10H, m, Ph/7 and C77=N); 8C (75 MHz; 
CDC13) 25.13 (CH(OH)CH3), 62.23 (C4), 70.21 (CH (OH)CH3), 74.50 (C3), 
103.68 (C2), 118.55, 118.62, 119.47, 121.17, 126.59, 126.95, 128.79, 129.09,
138.72, 146.90 and 150 (2 x Ph); m/z (FAB) 460 (20, M+69), 363 (15, M -CO), 
335 (20, M-2CO) and 307 (100, M-3CO).
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Reaction o f  l-(3 -E thanoylphenyl)-4 -phenyl-l-azabuta-1 ,3 -d iene 265 with 
Diisobutylaluminiumhydride
1-(3-Ethanoylphenyl)-4-phenyl-l-azabuta-1,3-diene 265 (0.20 g, 0.80 mmol) 
was dissolved in toluene (10 ml) and the solution was cooled to 0 °C. To this 
solution was added DIBAL (1.5 M  in toluene, 1.6 ml, 2.4 mmol) and the 
reaction was stirred for 0.5h. The reaction was then quenched with methanol 
and the resulting mixture was filtered through alumina. Removal o f the solvent 
under reduced pressure yielded Ar-3-(2-hydroxyethyl)phenyl-3-phenylprop-2- 
enamine 268 as a yellow gum. 5H (300 MHz; CDC13) 1.47 (3H, d, J  6.4 Hz, 
CH(OH)C/73), 3.93 (2H, dd, J  1.4 and 4.4 Hz, C/72NH ), 4.80 (IH , q, J6.4 Hz, 
C//(OH)CH3), 6.31 (IH , dt, J3.4 15.9 Hz and J2.3 5.6 Hz, PhCH=C//) and 6.56-
7.38 (10H, m, PhC//=CH and 2 x Ph/7).
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APPENDIX 1
A.I. X-Ray Crystallographic Data for Complex 161 C21H 19N Fe04
Crystal system Monoclinic
a 23.005 A
b 7.909 A
c 21.285 A
a  =  y 90°
p 97.93°
Space group C2/c
Z 8
V 3835.6 A '3
Mol. Wt. 403.23
D c 1.396 g e m '3
p, ( M o  ICa) 8.0 2 c m ' 1
X (ItaQ 0.71069 A
Total no. reflections 4140
Reflections I >  3cy(I) 2902
R 0.039
wR 0.038
Table A. 1.1. C r y s ta l  d a ta  f o r  c o m p le x  161
Appendix 1 263
A t o m  1 A t o m  2 Length (A) A t o m  1 A t o m  2 Length (A)
FE(1) C(l) 1.786(3) N(l) 0 (2 1 ) 1.437(3)
FE(1) C(2) 1.794(3) C(10) 0 (1 1 ) 1.396(4)
FE(1) C(3) 1.784(3) C(10) 0(15) 1.378(4)
FE(1) C(7) 2.113(2) C(ll) 0 (1 2 ) 1.389(3)
FE(1) C(6) 2.077(2) C(12) 0(13) 1.383(4)
FE(1) C(5) 2.164(2) C(13) 0(14) 1.376(4)
FE(1) C(4) 2 .1 0 0(2 ) C(14) 0(15) 1.382(4)
C(l) 0 (1 ) 1.140(3) C(21) C(22) 1.378(4)
C(2) 0 (2 ) 1.138(3) C(21) C(26) 1.391(3)
C(3) 0(3) 1.147(3) C(22) C(23) 1.396(3)
C(7) 0 (6) 1.426(3) C(23) C(24) 1.377(4)
C(7) 0 (1 1 ) 1.487(3) C(24) C(25) 1.383(3)
C(6) 0(5) 1.427(3) C(24) 0(4) 1.371(3)
C(5) 0(4) 1.433(3) C(25) C(26) 1.378(3)
C(5) N(l) 1.374(3) 0(4) 0(9) 1.410(4)
N(l) 0 (2 1 ) 1.437(3)
Table A.1.2. B o n d  lengths in complex 161
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C(1)-FE(1)-C(2) 1 0 0.1 (1) FE(1)-C(5)-C(6) 67.1(1)
C(1)-FE(1)-C(3) 1 0 1 .0(1 ) FE(1)-C(5)-C(4) 6 8.0(1 )
C(2)-FE(1)-C(3) 92.0(1) C(6)-C(5)-C(4) 114.6(2)
C(1)-FE(1)-C(7) 94.6(1) FE(1)-C(5)-N(1) 127.9(2)
| C(2)-FE(1)-C(7) 93.7(1) C(6)-C(5)-N(l) 121.9(2) !
C(3)-FE(1)-C(7) 162.2(1) C(4)-C(5)-N(l) 122.9(2)
C(1)-FE(1)-C(6) 132.4(1) FE(1)-C(4)-C(5) 72.8(1)
j C(2)-FE(1)-C(6) 96.5(1) C(5)-N(l)-C(8) 120.3(2)
C(3)-FE(1)-C(6) 122.7(1) C(5)-N(l)-C(21) 120.7(2)
C(7)-FE(1)-C(6) 39.79(9) C(8)-N(l)-C(21) 118.3(2)
C(1)-FE(1)-C(5) 130.6(1) C(11)-C(10)-C(15) 120.9(3)
C(2)-FE(1)-C(5) 126.5(1) C(7)-C(ll)-C(10) 123.4(2)
C(3)-FE(1)-C(5) 93.3(1) C(7)-C(ll)-C(12) 119.1(2) !
C(7)-FE(1)-C(5) 69.82(9) C(10)-C(ll)-C(12) 117.5(2)
C(6)-FE(1)-C(5) 39.25(9) C(ll)-C(12)-C(13) 121.4(3)
C(1)-FE(1)-C(4) 93.2(1) C(12)-C(13)-C(14) 120.4(3)
C(2)-FE(1)-C(4) 165.7(1) C(13)-C(14)-C(15) 118.9(3)
C(3)-FE(1)-C(4) 90.7(1) C(10)-C(15)-C(14) 120.9(3)
C(7)-FE(1)-C(4) 79.8(1) N(l)-C(21)-C(22) 121.5(2)
C(6)-FE(1)-C(4) 70.4(1) N(l)-C(21)-C(26) 119.3(2)
C(5)-FE(1)-C(4) 39.23(9) C(22)-C(21 )-C(26) 119.2(2)
FE(1)-C(1)-0(1) 178.6(3) C(21 )-C(22)-C(23) 120.5(2)
FE(l)-C(2)-0(2) 179.2(2) C(22)-C(23)-C(24) 119.9(2)
FE(l)-C(3)-0(3) 177.7(3) C(23)-C(24)-C(25) 119.7(2)
j FE(1)-C(7)-C(6) 6 8.8(1) C(23)-C(24)-0(4) 124.7(2)
FE(1)-C(7)-C(11) 122.7(2) C(25)-C(24)-0(4) 115.6(2)
C(6)-C(7)-C(l 1) 122.7(2) C(24)-C(25)-C(26) 120.5(2)
FE(1)-C(6)-C(7) 71.5(1) C(21)-C(26)-C(25) 1 2 0 .2 (2)
FE(1)-C(6)-C(5) 73.7(1) C(24)-0(4)-C(9) 118.1(2)
C(7)-C(6)-C(5) 118.2(2)
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Table A.1.3. B o n d  Angles in Degrees for Complex 161
A t o m x/a y/b z/c
FE(1) 0.40822(1) 0.41585(4) 0.09146(1)
C(l) 0.4396(1) 0.6203(3) 0.1080(1)
0 (1) 0.4594(1) 0.7505(3) 0.1199(1)
C(2) 0.4318(1) 0.3750(3) 0.0160(1)
0 (2) 0.4462(1) 0.3489(3) -0.03215(9)
0(3) 0.3361(1) 0.4709(4) 0.0552(1)
0(3) 0.2900(1) 0.5115(4) 0.0328(1)
0(7) 0.4794(1) 0.2843(3) 0.1428(1)
0 (6) 0.4289(1) 0.1788(3) 0.1303(1)
0(5) 0.3764(1) 0.2313(3) 0.1536(1)
0(4) 0.3789(1) 0.3978(3) 0.1804(1)
N(l) 0.32563(9) 0.1381(3) 0.1431(1)
0 (8) 0.3189(1) 0.0070(4) 0.0951(2)
0 (1 0) 0.5405(1) 0.1209(4) 0.0728(1)
0 (1 1 ) 0.53482(9) 0.2494(3) 0.1165(1)
0 (1 2 ) 0.5841(1) 0.3473(4) 0.1364(1)
0(13) 0.6366(1) 0.3200(4) 0.1133(2)
0(14) 0.6414(1) 0.1936(4) 0.0699(2)
0(15) 0.5930(1) 0.0941(4) 0.0500(2)
0 (2 1 ) 0.2751(1) 0.1858(3) 0.1720(1)
C(22) 0.2233(1) 0.2337(4) 0.1359(1)
C(23) 0.1741(1) 0.2730(4) 0.1647(1)
C(24) 0.1775(1) 0.2667(3) 0.2298(1)
C(25) 0.2295(1) 0.2196(3) 0.2660(1)
C(26) 0.2780(1) 0.1791(3) 0.2376(1)
0(4) 0.13206(7) 0.3039(3) 0.26293(9)
0(9) 0.0800(1) 0.3697(6) 0.2291(2)
H(41) 0.413(1) 0.432(4) 0.214(1)
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H(42) 0.344(1) 0.448(3) 0.186(1)
H ( 6) 0.429(1) 0.078(3) 0.104(1)
H(7) 0.486(1) 0.347(3) 0.184(1)
H(81) 0.281(2) -0.041(5) 0.090(2)
H(82) 0.318(2) 0.059(5) 0.052(2)
H(83) 0.345(2) -0.078(5) 0.103(2)
H(91) 0.061(2) 0.286(5) 0.2 0 1 (2 )
H(92) 0.054(2) 0.396(5) 0.258(2)
H(93) 0.086(2) 0.461(6) 0 .2 0 0(2 )
H(10) 0.509(1) 0.053(4) 0.060(1)
H(12) 0.579(1) 0.433(3) 0.166(1)
H(13) 0 .6 6 8(2 ) 0.387(4) 0.130(2)
H(14) 0.679(1) 0.181(4) 0.056(2)
H(15) 0.598(2) 0.005(5) 0.0 2 1 (2)
H(22) 0.2 2 0(1) 0.240(3) 0.090(1)
H(23) 0.140(1) 0.297(3) 0.138(1)
H(25) 0.229(1) 0.215(4) 0.310(1)
H(26) 0.314(1) 0.149(4) 0.266(1)
Table A . 1 . 4 .  P o s i t io n a l  p a r a m e te rs  o f  a to m s  in  c o m p le x  161
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A.2. X - R a y  Crystallographic Data for C o m p l e x  193b C 20H 17N F e O 3
Crystal system Triclinic
a 8.149 (124) A
b 10.479(105) A
c 11.776 (94) A
a 65.71°
P 83.49°
Y 84.80°
Space group PI
Z 2
V 909.5 A '3
Mol. Wt. 375.20
D c 1.371 g e m "3
p, ( M o  K a ) 8.435 c m ’ 1
X 0.71069 A
Total no. reflections 3815
Reflections I >  3a(I) 3413
R 0.028
w R 0.030
Table A.2.1. C r y s ta l  D a t a  f o r  C o m p le x  193b
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A t o m  1 A t o m  2 Length (A) A t o m  1 A t o m  2 Length (A)
F E Cl 1.792(2) C l H 7 1 .0 1 1 (2 )
F E C 2 1.786(3) C 8 H 8A 0.998(3)
F E C3 1.783(3) C 8 H 8B 0.990(3)
F E C 4 2.129(2) C 8 H 8C 1.015(3)
F E C5 2.145(2) Cll C12 1.400(4)
F E C 6 2.062(2) Cll C 16 1.394(4)
F E C 7 2.114(2) C 12 C13 1.393(5)
F E Cl 1.792(2) C12 H 1 2 1.012(3)
F E C 2 1.786(3) C13 C14 1.365(5)
F E C3 1.783(3) ! C13 H 1 3 1.013(3)
F E C 4 2.129(2) C 14 C15 1.378(5)
F E C 5 2.145(2) C14 H 1 4 1.020(3)
F E C 6 2.062(2) C15 C16 1.389(5)
F E C 7 2.114(2) C15 H 1 5 0.998(3)
0 1 Cl 1.142(3) C16 H 1 6 0.999(3)
0 2 C 2 1.141(3) C21 C 22 1.397(3)
0 3 C3 1.134(4) C21 C 2 6 1.383(3)
I N C 5 1.379(3) C22 C23 1.386(4)
N C21 1.407(3) C22 H 2 2 1.013(2)
N H n 0.75(2) C23 C 2 4 1.368(4)
C 4 C5 1.437(3) C23 H 2 3 1 .0 2 1 (2)
C 4 C 8 1.497(4) C 24 C 25 1.387(4)
| C 4 H 4 1.003(3) C 24 H 2 4 1.022(3)
C5 C 6 1.411(3) C25 C 26 1.385(3)
C 6 C 7 1.434(3) C25 H 2 5 1 .0 1 2 (2)
C 6 H 6 0.997(2) C 26 H 2 6 1.017(2)
C 7 Cll 1.477(4)
Table A.2.2. B o n d  Lengths in Complex 193b
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C1-FE-C2 90.4(1) C4-C5-C6 116.4(2) C12-C13-H13 118.9(3)
C1-FE-C3 1 0 0.1 (1) FE-C6-C5 73.6(1) C14-C13-H13 120.1(3)
C1-FE-C4 168.44(8) FE-C6-C7 71.9(1) C13-C14-C15 119.2(3)
C1-FE-C5 129.45(8) C5-C6-C7 118.1(2) C13-C14-H14 122.4(3)
C1-FE-C6 98.31(8) FE-C7-C6 6 8.0(1) C15-C14-H14 118.3(3)
C1-FE-C7 93.37(9) C5-N-C21 128.8(2) C14-C15-C16 120.7(3)
C2-FE-C3 104.7(1) C 5 - N - H  n 116.(2) C14-C15-H15 120.1(3)
C2-FE-C4 92.5(1) C 2 1 -N - H  n 116.(2) C16-C15-H15 119.2(3)
C2-FE-C5 91.8(1) C5-C4-C8 1 2 1 .1 (2 ) C11-C16-C15 121.0(3)
C2-FE-C6 118.8(1) C5-C4-H4 119.4(2) Cl 1-C16-H16 119.7(3)
C2-FE-C7 158.94(9) C8-C4-H4 119.6(2) C15-C16-H16 119.2(3)
C3-FE-C4 90.0(1) C5-C6-H6 120.5(2) N-C21-C22 117.8(2)
C3-FE-C5 127.8(1) C7-C6-H6 121.4(2) N-C21-C26 122.4(2)
C3-FE-C6 132.2(1) C6-C7-C11 122.3(2) C22-C21-C26 119.7(2)
C3-FE-C7 95.0(1) C6-C7-H7 119.7(2) C21-C22-C23 119.4(2)
C4-FE-C5 39.29(8) C11-C7-H7 118.0(2) C21-C22-H22 1 2 0 .0(2)
C4-FE-C6 70.53(8) C 4 - C 8 - H 8 A 109.8(3) C23-C22-H22 1 2 0 .6(2 )
C4-FE-C7 80.04(9) C 4- C8 - H8 B 110.4(2) C22-C23-C24 1 2 1 .1 (2 )
C5-FE-C6 39.13(9) C 4 - C8 - H8 C 108.7(2) C22-C23-H23 118.3(3)
C5-FE-C7 69.87(9) H 8A - C 8- H 8B 110.5(2) C24-C23-H23 120.6(3)
FE-Cl-Ol 178.9(2) H 8A - C 8- H 8C 108.4(2) C23-C24-C25 119.5(2)
FE-C2-02 177.9(2) H 8B - C 8- H 8C 109.0(3) C23-C24-H24 120.3(2)
FE-C3-03 177.8(2) C7-C11-C12 118.6(2) C25-C24-H24 120.3(2)
FE-C4-C5 71.0(1) C7-C11-C16 123.9(2) C24-C25-C26 120.4(2)
FE-C5-N 130.1(1) C12-C11-C16 117.4(3) C24-C25-H25 1 2 0 .2 (2)
FE-C5-C4 69.7(1) C11-C12-C13 120.7(3) C26-C25-H25 119.3(2)
FE-C5-C6 67.3(1) C11-C12-H12 118.9(3) C21-C26-C25 119.9(2)
N -C5-C4 119.4(2) C13-C12-H12 120.4(3) C21-C26-H26 118.7(2)
N -C5-C6 124.0(2) C12-C13-C14 121.0(3) C25-C26-H26 121.3(2)
Table A.2.3. B on d  Angles in Complex 193b
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A t o m X y z
F E 0.41356(3) 0.27842(3) 0.81507(2)
0 1 0.0947(2) 0.1451(2) 0.8941(2)
0 2 0.4122(3) 0.2918(2) 1.0585(2)
0 3 0.6354(4) 0.0399(2) 0.8254(3)
N 0.4430(2) 0.6022(2) 0.7612(2)
Cl 0.2185(3) 0.1974(2) 0.8621(2)
C 2 0.4149(3) 0.2846(2) 0.9643(2)
C3 0.5472(4) 0.1309(3) 0.8234(3)
C 4 0.6163(3) 0.4114(2) 0.7381(2)
C5 0.4647(3) 0.4962(2) 0.7194(2)
C 6 0.3415(3) 0.4571(2) 0.6665(2)
C l 0.3834(3) 0.3485(2) 0.6224(2)
C 8 0.7442(3) 0.4274(3) 0.8124(3)
Cll 0.2607(3) 0.2939(2) 0.5728(2)
C 12 0.3172(4) 0.2130(2) 0.5054(2)
C13 0.2062(4) 0.1610(3) 0.4552(2)
C 14 0.0398(4) 0.1869(3) 0.4708(2)
C15 -0.0183(4) 0.2658(3) 0.5372(2)
C 16 0.0904(3) 0.3195(2) 0.5873(2)
C21 0.2955(3) 0.6738(2) 0.7809(2)
C 22 0.3004(3) 0.8173(2) 0.7501(2)
C23 0.1597(4) 0.8897(2) 0.7748(2)
C 2 4 0.0161(3) 0.8230(3) 0.8281(2)
C25 0.0111(3) 0.6808(3) 0.8579(2)
C 2 6 0.1504(3) 0.6062(2) 0.8346(2)
H n 0.521(3) 0.628(2) 0.772(2)
H 4 0.6373 0.3414 0.6995
H 6 0.2286 0.5035 0.6608
H 7 0.5013 0.3093 0.6222
c o n t .
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H 8A 0.8396 0.3593 0.8165
H 8B 0.7816 0.5245 0.7748
H 8C 0.6933 0.4058 0.9007
H 1 2 0.4400 0.1908 0.4955
! H 1 3 0.2507 0 .1 0 2 0 0.4076
| H 1 4 -0.0434 0.1548 0.4307
H I  5 -0.1397 0.2822 0.5524
H 1 6 0.0451 0.3746 0.6367
H 2 2 0.4059 0.8675 0.7098
H 23 0.1646 0.9949 0.7497
i H 2 4 -0.0869 0.8777 0.8451
H 2 5 -0.0949 0.6305 0.8960
H 2 6 0.1498 0.5011 0.8588
Table A.2.4. Positional Parameters of atoms in Complex 193b
